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dance with the scope of work outlined in our confirming proposal dated
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Pursuant to your staff's technical review and our meeting of
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report. We appreciate your cooperaticn and suggestions on this project and
the opportunity tc be of service to Ormet Corporation. We look forward to
continuing to assist you in solving your water problems.
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DAMES & MO

Dean 0. Gregg
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INTRODUCTION

~ Ormet Corporation's aluminum reduction plant is located onm the Ohio
River near Hannibal, Ohioc. This plant once obtained all of its sanitary and
process water from an on-site Ranney well. In recent years the water quality
has deteriorated because of the presence of abnormally high concentrations of
cyanides, fluorides, soluble organics, total dissolved solids, and of high
color and pH. Only through the operation of two nearby interceptor wells is
ground water from the Ranney well usable for process water. However, the
pumping of the interceptor wells (operating alternately) has created hydraulic
interference which in turn has lowered the production of this well. Because
of the reduced production and the marginal quality water, all of the sanitary
water and some of the process water is currently obtained from a well and a
surface water intake, respectively, owned by Conalco.

At the request of Ormet Corporation, and in accordance to their

Purchase Order No. OH-12653 dated July 15, 1977, Dames & Moore evaluated the
water supply and the hydrogeology on and near the plant site. This report
discusses the hydrologic conditions, the water supply, and suggests remedial

measures and programs to decrease the potential for ground water contamination.



OBJECTIVES

- The objectives of this study were as follows:

1.

5.

Assess the possibility of natural flushing of the aquifer and
improvement of ground water quality;

Assess the likelihood of continuing to use Ranney Well No. 1;
Assess, if possible, recent increases in concentrations of
fluoride, cyanide, total dissolved solids (TDS), color, and pH
from Ranney Well No. 1;

Identify and assess alternative methods to reduce aquifer

A™ 4
polliution;
Identify and describe data investigation needs, if any, to
quantify the above; and
Identify possible alternative water supply sources.
N’



METHODS OF INVESTIGATION

~ This investigation was performed by compiling, reviewing, and evalu-
ating existing reports and data, by making a site reconnaissance, and by dis-
cussions with Ormet personnel. Of particular importance were a series of
reports on gechydrology by F.H. Klaer, Jr., and Associates. The Corps of
Engineers District in Pittsburgh, Pennsylvania, was contacted to obtain stage,
discharge, and precipitation records for the Ohio River. Both the United
States Geological Survey and the Ohio Department of Natural Resources were
contacted to obtain available ground-water level records along the Chio River.
Evaporation data were obtained from the Nationmal Climatic Control Agency
{Asheville, North Carolina). The nature of this project, Ormet's name, and

the plant locaticon were not disclosed to any agencies.



PLANT FACILITIES

PRODUCTION FACILITIES

Ormet Corporation’s Hannibal, Ohio, aluminum reduction plant pro-
duces about 240,000 tons of primary aluminum from alumina annually, The
alumina is reduced to primary aluminum in the presence of liquid cryolite
(Na3AlF6) in electrolytic cells or "pots". The Hannibal plant has 6 aluminum
pot lines containing 172 pots each.

In the process of making aluminum, large quantities of'carbon ancdes
are required. These anodes, made on site at the carbon plant, are a steam-
heated and baked mixture of petroleum coke and pitch. The plant recovers
cryolite from spent pot linings for reuse in the reduction process.

Unrecoverable wastes generated at the plant are piped as a slurry to
a sludge disposal pond located east of the plant. The solids largely settle

out in the pond and the effluent discharges to the Ohio River.

WATER SUPPLY

Ormet Corporation currently uses an average of about 1350 gpm with a
maximum of about 1600 gpm of process water from Ranney Well No. 1 (shown on
Figure 1). This well was originally pumped at 2400 gpm with a maximum design
flow of 3430 gpm to furnish all process and sanitary water to Ormet. Since
January 1971, Conalco's Ranney well (Ranney Well No. 2), located approximately
2100 feet west of Ormet's Ranney Well No. 1, supplies up to 600 gpm of sani-
tary water to Ormet Corporation. In addition, Conalco furnishes about 600 gpm

of river water to supplement Ormet's process water needs. These actions were

u’



necessary because of deteriorating gquality of water from Ranney Well No. 1 by
increased concentrations of fluoride, cyanide, and organics and by higher pH
and coléf. Table 1 lists the water requirements for different plant processes.

Ormet Corporation projects that their water requirements will prob-
ably decrease over the next 5 years. By 1979, the wet scrubber system will be
replaced by a dry scrubber system which will result in a savings of approxi-
mately 300 gpm. Over the next 5 years, existing water-cooled rectifiers will
probably be changed to air-cooled units. The use of air-cooled rectifiers
along with the air-cooled scrubber system will reduce total water use by as
much as 1,800 gpm.

Two interceptor wells have been installed between suspected sources
of ground water contamination and Ranney Well No. l. These interceptor wells
have been somewhat successful in reducing the overall concentration of contam-
inates in water from Ranney Well No. 1 by pumping some of the contaminated
ground water out prior to its reaching Ranney Well No. 1. From 1971 until the
last increase in stage of the Ohio River, the interceptor wells were pumped at
less than 300 gpm. This was a sufficient rate to allow Ranney Well No. 1l to
pump about 1800 gpm of acceptable quality water. In recent years since the
river stage increase, the pumping rates in the interceptor wells have had to
be increased from below 300 gpm to possibly as high as 500 gpm to protect the
quality of the water from the Ranney well. The Ranney Well is only pumped at
a rate of about 1350 gpm at present. The reduced capacity of the Ranney Well
and the increased pumping of the interceptor wells may be due in part to a
subsequent reduction in river contribution to the Ranney Well. This may have

been caused by incrustation of the Ranney well laterals beneath the Ohio River



and/or by silting in the river. A detailed test and inspection of the late-

rals would be necessary to verify the presence of incrustation.

—

SLUDGE DISPOSAL PONDS

General

Process waste water containing pulverized carbon, alumina, and
cryolite not recoverable for plant uses are discharged into sludge disposal
ponds located east of the plant (Figure l). The pond bottoms are unlined and
probably on the original ground surface, approximate elevation 632 msl (mean -
sea level). The dikes were constructed by building embankments of local
material compacted by either sheepsfoot rollers or vibroflotation. These

ponds are shown on Figure 1. The physical dimensions of each pond are:

Surface; Approximate
Area (ft7) Depth (fr)
Pond 1 47,000 10-12
Pond 2 47,000 10-12
Pond 3 41,000 10-12 7
Pond 4 91,000 10-12
Pond 5 470,000 23°

dplanimetered measurements from Figure 1.

bT‘ne top of the dike berm is at elevation 655 feet msl (August 1977). This
elevation is currently being increased 3 feet to elevation 658 feet msl,
or 26 feet above the probable original pond bottom (elevation 632 feet msl).



Operational Historv

-~ Ormet's five disposal ponds have different operating histories.
Ponds 1 through 4, the four smaller ponds shown on Figure 1, were used from
1957 to 1967. These ponds were originally designed for alternate use. One
pond would be cleaned out while the others received sludge. Because sludge
removal was found to be impractical, these ponds were used until they were
filled with sediment and then abandoned. The slurry entering these ponds was
initially untreated. About the upper ! foot of sludge in the ponds is from
later lime treatment and it contains calcium fluoride.

Pond 5 (Figure 1), operating since 1967, currently receives all
slurry discharged from Ormet. Until 1974, sludge was discharged along the
western side of the pond. The presence of "sink holes" along the eastern side
of the pond initiated the extension of the discharge line arocund the pond to
attempt to plug the holes with sediment (Ormer, 1977). Sludge is currently
discharged to the pond from one of several discharge points located around the
pond perimeter. This has distributed a more even sediment build-up in the
pond and is believed to have been effective in "plugging" the "sink holes".

Because of ground water contgmination, Ormet personnel attempted to
lower the pH and to chemically neutralize the fluorides in the sludge after it
entered Pond 5. Approximately 2 truckloads of hydrochloric and sulfuric acid
were batch dumped inte the pond to lower the pH and lime was added to pre-
cipitate fluorides. This method was found Ineffective because of poor mixing
and insufficient quality of the added chemicals. A neutralization plant was
constructed and became operational in June 1977. The neutralization plant

treats the slurry before discharging intec the pond. About 1 truckload of acid



per day reduces the pH to between 6.5 and 7,5; chlorinatio; with sodium hypo-
chloride removes most of the cyanide; and lime is added to settle ocut fluoride
concentgétions {Ormet, 1977).

Prior to April 1!, 1977, there were no overflows from Pond 5 and the
water surface covered only about 20 percent of the pond area. Since that
time, some of the water from the interceptor wells has been added to the
slurry, increasing the discharge volume to approximately 250 gpm., The pond is
now full and overflows through a discharge line to outfall no. 4. The dis-
charge rate should remain near 250 gpm because of the continued disposal of
interceptor well water which is utilized for makeup water in the neutraliza-
tion plant (Ormet, 1977). To attempt to define a water budget for Pond 5 on
September 1, 1977, Ormet Corporation measured 274 gpm of slurry, containing
24.9 gpm of solids, entering the pond and 216 gpm of effluent discharging to

outfall no. 4. Because these quantities were not precisely measured, it is

not known 1f the difference, 33 gpm, reflects the total loss.

Leachate Quality

The chemical and physical characteristics of the leachate for Pond 5
varies greatly. The pond water was analyzed daily from January 1975 to pre=-
sent and shows that the pH ranged between 2.3 (in response to batch treatment
with acid) and 12.1; fluoride levels were generally below 500 mg/l. An

estimated average leachate quality is shown on Table 2.

-
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WASTE POT LINING STORAGE

.- Waste pot linings from the aluminum reduction process are stored
east of the plant and north of Pond No. 5 (see Figure 1). The unprotected
storage of the waste pot linings allows them to soften which facilitates
pulverization in the cryolite recovery process. The main constituents of the

waste pot liners include:

Cryolite (Na3A1F6) 18 - 30%
Carbon {(C) 307
Aluminum oxide (A1203) 38%
Calcium fluoride (Can) 2 - 4%
Scodium oxides and hydroxides 2 - 3%
Nitrites, carbides and cyanide Trace

The chemical composition is as follows:

(Ormet, 1977)

Aluminum oxide (A1203) 38%
Carbon (C) 30%
Sodium (Na) 17%
Fluoride (F) 10 - 15%
Calcium (Ca) 1« 2,52
Silica (8102) 0.2 - 1.8%

1.5 - 5%

Iron oxide (Fe203)

(Ormet, 1977)

It is reported that during open storage, the fluoride content of the waste pot
linings decreases to approximately 6 percent by leaching from precipitation.
The resultant leachate is estimated to have a high pH and fluoride concen-
tfation, with lower concentrations of cyanide and other constituents. Prier
to the detection of high fluorides and increased color of ground water in the

Ranney well in July 1971, Ormet purchased pot lining material from a competitor.



Although no significant chemical difference could be found between the Ormet
pot lining and the purchased pot lining material, it was suspected that the
introdu;tion of that foreign lining may have been partly responsible for
ground water contamination.

Ormet reported that the quantities of stored waste pot linings have
been steadily decreasing since 1968-69 and are at the lowest levels since the
plant's existence. Ormet plans to terminate additional waste pot lining
storage by 1978 and to remove the existing waste pot linings from this storage

by 1979 (Ormet, 1977).

FUGITIVE DISPOSAL

Within the plant area there are several areas of fugitive disposal
which may be a source of ground-water contamination. These areas are:

1. dumps

2. outfalls

3. airborne emissions

4, miscellaneous temporary storage areas.

i

Adjacent to the sludge disposal pond 5, Ormet currently disposes of
construction and plant refuse. The majority of this material is carbon scrap,
refractory brick, and metal (steel) with a lesser amount of weod and paste-
board, These materials are relatively inert and would likely produce little

leachate.

10
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Qutfalls

~ Ormet currently utilizes four outfalls (Figure 1) which discharge
effluent to the Ohio River. Outfalls 1, 2, and 3 discharge effluent to the
Ohio River by pipeline or paved spillway. Outfall 4, which receives water
from the carbon plant and from the waste disposal pond No. 5, discharges
effluent to the Ohio River via an open ditch.

Total effluent flows for the outfalls was 2.98 mgd on July 7, 1977
and 3.74 mgd on July 21, 1977, Since July 1977 water samples have been c¢ol-
lected for analysis the first and third week of each month. Table 3 preséﬁts
chemical analysis of effluent from the outfallg during the two sample periods,
It is believed that the gully containing outfall no. 4 has cut down into or

near the top of the aquifer and that some ground water contamination may be

occurring.

Airborne Emissions

Airborne particles emitted from plant processes consist primarily of
carbon and alumina dust with trace amounts of fluoride. Periodic analysis of
dustfall from a 5-mile radiﬁs surrounding Ormet's plant show fluoride levels
less than ! milligram per cubic foot per month (Ormet, 1977). Thus it is

unlikely that airborne emigsions would be a2 possible source of contamination.

Miscellaneous Temporary Storage Areas

Throughout the plant area spent pot shells are temporarily stored.
These shells are partially cleaned but still contain some spent pot linings.
Exposed to the weather, the pot linings are a potential source of a small

amount of fluoride leachate to the enviromment.
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CENERAL SITE CONDITIONS

TOPOGRAPHY AND CLIMATE

The topography at the Ormet Corporation Hannibal plant is character-
ized as a mature river valley wi:ﬁ gently sloping alluvial terraces confined
by steeply sloping hillsides. The plant site has an elevation of 665.5 feet
msl with the nearby hills approximately 500 to 600 feet higher. The Ohio
River is about 53 feet deep opposite the plant and has a pool elevation of 623
feet msl.

The climate at the site is essentially continental in nature and is e
characterized by moderate extremes of temperature and precipitation. Summers
are moderately warm and humid with oc¢casional days when temperatures exceed
IDOOF; winters are reasonably cold with an average of about 2 days of sub-zero
weather. The mean annual precipitation of 44.02 inches is moderately well
distributed with peaks in early spring and summer. Mean annual pan evapor-
ation ranges between 40 and 45 inches per year (U.S. Department of Commerce,
1968) with greatest evaporation occurring during June and July. A monthly
summary of average temperature, precipitation, and evaporation near Hannibal, \_)

Ohio, is presented in Table 4.

GEQLOGY
General

The Ormet plant is located on Buck Hill Bottom, az bread alluvial

terrace along the west bank of the Chio River between river miles 122 and 125.

12



At this location, the alluvial terrace is about 4 miles long, about one-half
mile wide at the widest point, and pinches out against the bedrock valley wall
at bothrends.

Underlying the alluvial terrace are bedrock formations made up of
shales, sandstones, and coals of Permian age. These formations are relatively
impermeable and do not counstitute an important aquifer.

Overlying the bedrock are unconsolidated deposité of recent alluvium
and glacial valley train deposits. These deposits consist of sands and gra-
vels with some interbedded clays and silts. The sands and gravels are rela-
tively permeable and constitute the principal ground water aquifer. The silts

and clays are relatively impermeable and retard or act asg barriers to the

ground water flow.

Site Geology

Subsurface information furnished by Ormet Corporation indicates that
the geologic conditions at the site are typical of the general area. Figures
2 and 3 are geologic cross sections showing the subsurface conditions beneath
and near the site. Logs of borings drilled in the Ohio River by Klaer and
Assoclates (1972) indicate the bedrock elevation beneath the river is approxi-
mately 555 to 560 feet msl near Ranney Well No, 1. Northwegt of there, the
bedrock elevation increases to 602 feet msl at Test Hole 11 (TH-11) and ap~-
proximately 700 feet msl near State Route 7.

Overlying the bedrock are fluvial-glacial sands and gravels. These
sands and gravels, which are absent 940 feet south of Ranney Well No. 1,

thicken teo the north and obtain a maximum thickness of approximately 80 to 100

13



feet beneath the Ormet plant. Cross section A-A (Figure 2) illustrates the
thickening sands and gravels and the thick wedge of silts and clays near the
Chio Ri;er. This thick wedge of fine material was present in Borings RTH-3,
RTH-8, RTH-9, TH-1, TH-4, TH-8, and TH-9, all located near the Chio River.
Because of the river meandering near Ormet, the lowest river velocity is along
the northern bank (Ohio side) of the Ohio River and the highest velocities are
located along the West Virginia gide of the Ohio River. The difference in
velocities causes deposition of gilts and clays on the northera bank of the
Ohio River and was probably responsible for a wedge of low permeability mate-
rial as shown in the north-south cross section (Figure 2). This figure also v
shows permeable sand and gravel near the ground surface at Borings TH-6 and
TH-10. Qutcrop of the permeable materials provide a possible means for leach~
ate to migrate from the surface to the ground water.

Cross section B-B (Figure 3) shows about 20 feet of relatively clean
gand and gravels near the Ranney well to the east-northeast. These sands and
gravels, locally thin, thicken towards the Ohio River channel because of the
thickening of overlying silts and clays near the river. Although not differ-
entiated in the sections, surface £ill has been placed on the southern half of \“)
the site. In the gully at outfall no., 4 the overlying low permeability mate-
rials appear to have been ercoded, thus possibly exposing the underlying aquifer.

The average permeability of the sand and gravels is estimated at
about 2000 gallons per day per square foot (gpd/ftz)(Klaer. 1972), or 9.4 x
10_2 cn/sec. However, increased percentages of silts and clays such as found
near the Ohio River decrease the permeabilities of the sand and gravel. Per-
meability of silts and clays usually range between 0.2 to 0.002 gpd/f:2 (107>

to 10_7 em/sec),

14



HYDROLOGY

General .

Ground water from sand and gravel aquifers along the Ohio River,
such as those near Hannibal, Ohio, are used primarily for industrial, muni-
cipal, and domestic water supplies. The nearest municipal ground water users
are Clarington, Ohio, and New Martinsville, West Virginia. Clarington, located
approximately 8 miles upstream of Ormet, utilized 0.50 mgd in 1969 (Ohic
Department of Health, 1969), while New Martinsville, located approximately 3
miles downstream from Ormet, uses approximately 1.4 to 2.0 mgd. Major indus-
trial ground water withdrawals near Hannibal, Ohio are primarily from the two
Ranney wells owned by Ormet and Conalco and range from 6 to 7 million gallons
per day (mgd).

Prior to the construction and operation of these wells, the natural
ground water gradient sloped from the valley wall toward the OQhic River. The
sand and gravel aquifer was recharged from rainfall falling on the alluvial
terrace, from leakage from the bedrock, and from the Ohio River during periods
of high river srage. During these high stage periods, natural ground water
gradients were locally reversed and the ground water table was recharged by

the rise until the river stage receded.

Site Hydrology

In 1956, Ranney Wells No. 1l and No. 2 were constructed for Ormect

Corporation and Conalco, respectively. These wells had a combined capacity of

15



about 10 million gallons per day. Aquifer tests made prior to their comstruc-—
tion indicated that the coefficient of transmissibility (product of the per-
meabil£;y and the saturated thickness) was moderately high and that infiltra-
tion from the Ohio River could be Induced within relatively short distances
from the centers of pumpage.

When pumping of the Ranney wells commenced, the water levels around
each Ranney well declined in the shape of an inverted cone. The shape of this
cone of depression 1s controlled by the rate of pumping, the permeability and
thickness of the aquifer, and the infiltration rate through the river bottom. _
At first, the development of the cone of depression was symmetrical, but as \-L‘
the cone of depression extended under the river, infiltration was induced and
the ground water gradients became steeper near the river; conversely, on the
land side, the ground water gradients became flatter. This extended the
effects of pumping landward to the limits of the aquifer, the bedrock wall of
the valley.

The rate of infiltration through the river bed appears to be lower
than had originally been estimated. This is probably a result of the presence
of the thick wedge of relatively impermeable clays and silts found along the \L/
northern bank of the Ohio River, the rapid thinning of the sand and gravel
aquifer beneath the West Virginia side of the Ohio River, and the low perme-
able bottom of the Ohio River. Because of reduced recharge available from the
Ohio River, the cone of depression Increased in size, extending both upstream
and downstream until it stabilized. 1In 1966, test drilling in the river
showed the ground water levels were below river level about 2200 feet upstream

from the Ormet Ranney well. This indicates that river sediments are restricting

the movement of water from the river inte the aquifer.
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Present ground water levels, shown on Figure 4, indicate that the
center of the cone of depression around Ranney Well No. 1 is approximately 32
feet beiow the current river pool. The cone of depression appears to have
increased since 1966, extending out past the disposal pond, approximately 3500
to 4000 feet east-northeast of the Ranney well. Any recharge within the cone
of depression, including contaminates from the disposal pond or the waste pot
lining storage area, would migrate down-gradient toward Ranney Well No. 1.

Normal ground water recharge rates for precipitation falling on
alluvial deposits along the Ohio River range between 0.2 to 0.5 mgd per square
mile of surface area (Whitesides, 1969)., Assuming the site area (Buck Hill
Bottom) contains approximately 2 square miles of alluvial terrace, then re-
charge from precipitation would contribute approximately 0.4 to 1.0 mgd.
Because Ormet's and Conalco's wells currently withdraw about 6 mgd, the bal-
ance of the ground water is obtained through induced recharge from the Ohio
River or from man-made sources.

Increases in river stage above normal pool stage are reflected in
ground water level rises which indicates there is some hydraulic connection
between the aquifer and the river. However, decreases in the amount of water
produced by Ranney Well Ne. 1l may indicate either the laterals are encrusted
or that silting along the river bottom has reduced the hydraulic continuity.
Although most of the water pumped by Ranney Well No. 1 is from induced infil-
tration from the river, the proporticn of the water from the river has de-
creased somewhat. This has resulted in a proportionate increase in water
withdrawn from the landward side and in increases in concentrations of con-
taminates. To control these changes in water quality, interceptor wells have

been pumped at higher rates.
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A potentiometric map made in 1972 by F.H. Klaer, Jr., and Associates
shows the water level elevation beneath sludge dispeosal pond No. 5 to be at
about éb? feet and near TH-3 to be about 595. Water level measurements in
July 1977 indicated a water level elevation of about 620 feet beneath sludge
disposal pond No. 5 and 609 feet near TH-3. This rise in water levels is
largely in response to increased stage of the Ohio River bgcause of the Corps
of Engineers raising the pool elevation. It is interesting to note that the

ground water gradient on the landward side in 1972 is almost the same as the

gradient in 1977,

18



RESULTS OF INVESTIGATION

SOURCE OF CONTAMINATION

An evaluation of existing data, along with site reconnaissance,
indicates that there are three probable sources of contamination. These
sources are:

1. sludge disposal ponds

2, the waste pot lining storage area

3. fugitive waste areas

a. outfalls

b. pot shell storage areas

Sludge Disposal Ponds

The sludge disposal ponds are probably a major source of ground

- water contamination. Sludge disposal pond No. 5, which has been operational
since 1967, is known to have leaked. Prior to June 1977, untreated wastes
from the cryolite plant discharged into this pond. Since June, the cryolite
plant wastes have been treated in the neutralization plant before being dis-
charged into the pond.

Slurried wastes were discharged into waste disposal pond No. 5 at a
rate of approximately 65 to 100 gpm from 1967 to April 1977. During that
time, the surface water covered only about 20 percent of the total pond sur-
face, and the pond had no outlet for excess liquid although it seldom over-
topped its embankments. It is estimated that there could have been up to
about 80 gpm of pond seepage for this period (assuming 44 inches precipitation

over the entire pond and 42 inches evaporation over 20 percent of the water
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surface and 20 percent solids by weight in the slurry). It is suspected that
some of this leachate seeped from the north side of the sludge pond where
permeabie sands and gravels immediately underlie the pond. This leachate
probably migrated into the ground water and was subsequently drawn toward the
Ranney well.

Since April 1977 the volume of slurry discharge has increased to
250 gpm, the pond surface is covered, and a decant line has been installed to
remove excess water to the gully above outfall no. 4. Because of increased
water surface and water surface elevation, the theoretical potential for
seepage has increased. However, because of the volume of water involved and "=
the relatively small volume of seepage that may be occurring, accurate inflow-
outflow measurements are difficult to make.

The four abandoned sludge disposal ponds probably contribute minor
amounts of contaminates to the ground water. These contaminates are possibly
leached by rainfall percolating through the exposed sludge. Because the
leachate production in these ponds is dependent on the unknown volume of
soluble contaminates gtill present and the unknown percolation rate through

the sludge, the rate of leachate production cannot be accurately calculated.

Waste Pot Lining Storage Area

The waste pot lining storage area located north of sludge pond 5
alsc appears to be a potential contributor to the contamination of Ranney Well
No. 1. Fluoride concentrations in waste pot lining material decrease from
approximately 15 percent to 6 percent during open storage. Rainfall falling
on this area migrates through the waste pot lining and percclates down to the

ground water table. The leachate would likely have a high pH and would contain
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both fluoride and cyanide. Earlier reports by Klaer and Associates (Septem-
ber, 1972} indicated leachate from the waste pot lining had contaminated the
ground water sampled from Boring TH-14A. The amount of leachate from this

source cannot be accurately calculated since the rate of chemical release from

the waste pot liners is unknown.

Fugitive Waste Areas

The outfalls which discharge water to the Ohio River may contribute
small amounts of fluoride to the ground water by direct infiltration through
the soil. This is particularly true at Qutfall 4 where the effluent from the
sludge pond flows into an unlined drainage ditch. This unlined ditch could
allow unknown quantities of contaminates to percolate to the ground water.

The ocutfall effluent quality and quantities are shown on Table 3.

The open storage in the plant itself of spent pot shells containing
small amounts of pot lining material may contribute contaminates to the ground
water regime through runoff and percolation. The amount of leachate produced
by these spent shells cannot be determined, but it is thought to be relatively

insignificant in comparison to cther sources.

LEACHATE QUALITY

An estimate of the quality of leachate generated from the disposal
pond and the waste pot liner area is presented in Table 2. Leachate quality
for outfalls, presented in Table 3, are for two sample periods after treatment

began and probably do not reflect the full range of chemical concentrations,
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Because of dependency on rainfall for leachate production in the abandoned
ponds and stored waste pot linings, leachate quality can only be approximated.
i Routine analysis of the pond effluent is performed for fluoride, pH,
and color. Not reported is the organic content which increases the color and
reduces the percent of light transmittance. Ormet Corporation chemists report
that, based on laboratory tests, leachate produced from effluent having a pH

of 8.9 or higher would likely react with natural earth materials, particularly

organic or humic materials, to increase the water color.

EXTENT OF CONTAMINATION b

Water samples for analyses were collected from test holes wells
during February 16-18, 1972, by F.H. Klaer and Assoclates. The results of
these analyses were used in this study to depict the areal extent of fluoride
concentration as shown on Figure 4. Thig figure shows the highest fluoride
concentrations, about 900 mg/l near test wells TH-5 and TH-6 with concentra-
tions decreasing down gradient, It is suspected that present fluoride concen-
trations along a narrow flow path or band near the interceptor wells may range
from 220 to 340 mg/l. This will be discussed later. ~

‘Vertical changes in fluoride concentrations in the aquifer were not
analyzed in previous collected scil and water samples. However, it is likely
that flucride concentrations decrease with depth. This is because the con-
centrations near the source of the fluoride are likely to be higher than
samples from the test wells which tap the basal portion of the sand and gravel

aquifer. This may explain some of the water quality variation that F.H., Klaer
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found during their sampling of test wells in early 1972. Some downconing of
poorer quality water may have occurred as a function of time and rate of

pumping.

MOVEMENT OF CONTAMINATES

After leachate has been generated in source areas it would percolate
downward to the ground water table. The rate of leachate movement through the
unsaturated soil varies according to the amount and duration of precipitation,
the antecedent soil moisture conditions, and the permeability of the soils.
Once in the ground water, the leachate would migrate down gradient. During
this movement, the concentration of contaminates in the leachate would de-
crease down gradient and laterally from the point of entry into the ground
water table. The reduction in fluoride concentrations with distance from the
point of entry is due to the dispersion and dilution of the contaminates.

The pumping of Ormet's Ranney Well No. l creates a cone of depres-
sion into which water migrates. Any leachate entering the ground water table
within the influence of the Ranney well would likely be drawm toward the well,

The rate of ground water movement was calculated using the water

level contour map, Figure 5, and a modified version of Darcy's Law:
v = ki/ne

where

= the average ground water velocity
the permeability of the aquifer
the hydraulic gradient (from the map)

3 o~ ® 4
]

the effective porosity
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Assuming an effective porosity of 0.15, an average permeability of 2000 gpd/ft2
(Klaer, 1966), and a gradient of 0.0074 ft/ft, a typical ground water velocirty
from téé center of the sludge disposal pond and the waste pot lining storage
area to the Ranney well was calculated to be approximately 13 ft/day. This
indicates that recharge water from precipitation percolating to the ground
water from the area near the pot liner storage area or the sludge disposal
pond would take about 250 to 300 days to reach the Ranney well. It must be
emphasized that contaminates in the ground water probably migrate at a much
slower rate than the ground water. This is because of retardation of the con-
taminates by physical and chemical attractive forces. Some ions or molecules
may never migrate to the ultimate point of ground water discharge because they
may be effectively removed from sclution by adsorption, cation exchange, or
chemical precipitation.

It is not possible to precisely estimate how long it would take to
flush the contaminates from the aquifer without more time-dependent data.

The potentiometric map shown on Figure 5 was analyzed using flow net
or flow line concepts. The flow lines are perpendicular to the lines of equal
ground water elevation and represent the path a particle of water would take,
The distance between adjacent flow lines is adjusted so that a “square" is
formed with the adjacent ground water contours. That is, the sum of the
length of adjacent flow lines between 2 adjacent ground water contours is
equal to the sum of the length of the 2 adjacent ground water contours between
the flaw lines. The quantity of ground water flowing through any square is
equal to that flowing through any other square. This assumes that the aquifer

is homogeneous and isotropic. Although this aquifer system does not quite

MRS To Fackecy
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meet these conditions, the error so introduced into the analyses by that
assumption is probably not appreciable. It was found that there are 21 flow
paths or squares surrounding the cone of depression formed by pumping the
interceptor wells at 500 gpm and the Ranney well at 1350 gpm. Therefore, each
flow path is equivalent to about 90 gpm contribution to the cone of depres-
sion. Because the flow paths diverge with distance from the center of pumping,
1 to 1-1/2 flow paths cover the entire area of suspected ground water contami-
nation. This means that about 100 to 150 gpm of ground water flows through
the area of the source of contaminates, Thus, the contamination 1is transpor-
ted by about this quantity of water,

If a mass balance is applied to the present fluoride concentrations,
it is estimated that the concentration of fluorides in the ground water along

the contaminated flow path is 220 to 340 mg/l.

FLUCTUATION OF LEVELS OF CONTAMINATION

The amount of contamination reaching the Ranney well varies due to
changes in:

1. the leachate production rate,

2. the stage of the Ohio River, and

3. the pumping rate of the Ranney and interceptor wells,

Leachate Production Rate

The leachate production rate from the abandoned sludge disposal
ponds and the waste pot storage varies due to frequency and duration of preci-
pitation, evaporation, and soil moisture conditions. Frequent, heavy preci-
pitation (usually experienced during the spring and fall) potentially flushes

TFARTCOE RMIQORE
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greater quantities of contaminates into the aquifer than during drought con-
ditions. The lowest rate of leachate production would occur during the late
summer'when evaporation is the greatest and precipitation is the lowest.
During the winter months, recharge to the aquifer decreases because of the low
permeability of frozen sludges and soil, and little available water due to
unmelted soowfall. This was probably true during the severe winter of 1977.
The rate of leachate production from waste disposal pond No. 5 is expected to
be nearly constant because of its constant head of water. TFigure 6 shows the
concentrations of fluoride in water from the Ranney well and the interceptor
wells. There is an inference that the concentrations of fluoride are higher

from February through May. This could be the result of a time lag from high

precipitation perioda of the previous year.

Stage of the Ohio River

Fluctuarion in the Ohic River stage affects ground water gradients,
which in turn alters the rate of induced recharge to the aquifer. Because of
the pumping of the Ranney well the naturzl ground water gradients have been
locally reversed. The majority of water pumped from the Ranney well is ob-
tained through induced recharge from the Chio River. 1Increases in river stage
temporarily create steeper hydraulic gradients from the river and allow greater
quantities of river water to enter the aquifer through induced recharge,.
During low river stage there is less induced recharge, and less dilutiom of
contaminated ground water. Generally the highest river stages are observed
during the spring of the year, with lowest stages observed in September and

October. It is believed that some s8flt layers on the river bottom prevent the
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full inducement of the river water to the Ranney well. The recent poocl level
increase has probably increased the rate of silting., Thus changes in river

-

stage may have indirectly caused a subtle change in ground water quality.

Pumping Rates of the Ranney and Interceptor Wells

Because of increased production, water requirements of Ormet's plant
have increased since 1957. Initial quantities of water produced by Ormet's
Ranney well were sufficient for the plant's sanitary and process requirements.
Increases in ground water withdrawals and decreases in the contribution from
the river has created additional water level declines and a larger area of
influence. This likely has resulted in a larger percentage of contaminates

heing drawn toward the Ranney and interceptor wells.
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SUMMARY AND CONCLUSION

GENERAL~

The contamination of the ground water with high concentrations of
fluoride, cyanide, and organics and high pH and color, is the result of waste
disposal or storage practices upgradient of the Ranney well. The source of
ground water contamination is believed to be mainly from the sludge ponds, the
number 4 outfall, and the waste pot lining storage area. However, there are
not sufficient data to quantify these suspected source areas. The possible
contamination from outfall 4 is by direct percolation of effluent. The other
sources of contamination are mainly from the generation of leachate by solu-
tion of contaminates by precipitation and from the effluent itself. The
leachate is caustic, has a high pH and contains high concentrations of fluor-
ide. Some cyanide is also produced. If the effluent and the leachate are
caustic and above pH of 8.9, Ormet Corporation reports organics would be
leached from the soil which would cause increased color to ground water.

It is likely that some of the contaminates enter the ground water
aquifer alomg the north side of the No, 5 sludge disposal pond. There may be
some contribution from old abandoned and filled sludge ponds. Soil borings by
Klaer and Associates indicate that shallow permeable sand and gravels near the
sludge ponds and pot lining storage area would provide a path for leachate
percolation to the water table. Once in the ground water, the contaminates
migrate downgrs&ient toward the Ranney and interceptor wells. The ground
water takes about 250 to 300 days to migrate from the suspected contaminate

source area to the interceptor wells. However, the contaminates would be
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rectarded and move more slowly with dilution and dispersion decreasing the
concentrations of the contaminates. Most of the contaminated ground water is

captured by the interceptor wells and does not reach the Ranney well.

IMPACT

Data indicate that the contamination of the Ranney well will con-
tinue as long as leachates are produced in the sludge ponds, the waste pot
lining storage area, and from the suspected percolation of effluent from
Outfall Ro. 4. Natural flushing of the aquifer is not expected to reduce
contamination levels until leachate production is eliminated or substantially
reduced. Some reduction in contamination levels may occur since wastes frem
the cryolite plaut are being neutralized and the stockpile of stored pot
linings is steadily being depleted. However, continued pumping of the inter-
ceptor wells will be necessary to protect the Ranney well until residual
contamination is removed.

Concentrations of fluoride have been found in the ground water at
Ormet as much as 500 times greater than the Public Health Department Drinking
Water Standards of 0.7 to 1.2 mg/l. National limits for cyanide of 0.0l mg/l
have also been exceeded (Standard Methods, 1971). Sanitary water presently
used at Ormet (from Conalco's Ranney Well No. 2) meets Public Health Depart-
ment Drinking Water Standards.

The pumping of the interceptor wells to remove contaminates reduces
the quantity of water available for use at Ormet. It is believed that yields
from Ranney Well No. 1l should not decrease appreciably over the next few

years. Tentative planned future reductions in water needs at Ormet by as much
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as 50 percent should improve the water supply situation from a quantitative
standpoint. However, until the reduced consumptive water use by Ormet is
institu;ed, process water demands must be supplemented from Conmalco. The
interceptor wells and the Ranney wells should continue to be used, as long as

contamination is evident and regardless of Ormet's water needs, to safeguard

the quality of ground water used by Conalco.

o’
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INVESTIGATIVE PROGRAM

- The reports from studies conducted by Fred H. Klaer, Jr., & Asso-
ciates were very useful and contained meaningful data and conclusions.
Unfortunately, little data have been collected since early 1973. It is
strongly recommended that a monitoring and investigative program be instituted
prior to commencing any remedial measures, This is because the existing data
base is not complete enough for other than a general evaluation and not suf-
ficient to formulate detailed methods and plans, and to make an assessment of
success of remedial measures. So more complete and current data should be
obtained to more accurately identify, formulate, and assess remedial plans.

To aliow for maximum flow of the most pertinent data early in the
investigative program, it is recommended that a phased program be adopted.
This phased program would be cost effective inasmuch as some work items of

later phases may not prove necessary.

PHASE X

1. Measure the water levels in all wells prior to collecting water
samples as a means of assessing ground water gradients in res-
ponse to pumping, precipitation, and river stage. This data
would be used to determine rate and direction of ground water
movement.

a. Measurement should be made using a steel tape and chalk or
an electric water level tape.

b. Subsequent monthly measurements should be made and the
data should be tabulated for each well and a hydrograph
kept current showing rainfall, river stage, and pumping
rates of the interceptor wells and the Ranney well.

c. Annually, all wells at Ormet and Conalco should be mea-
sured and a potentiometric map constructed to show ground
wvater flow patterns and distribution of recharge and
discharge areas,
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Collect water samples from all monitoring wells as a means of
identifying source and extent of ground water contamination.

a.

e.

The wells should be pumped a sufficient time to empty at
least twice the volume of the water contained in the
casing before the sample is collected. Samples should
also be collected every 30 minutes for a period of 2 hours
to establish the optimum sampling time after pumping

begins,

The water samples should be analyzed for fluoride, cya-
nide, ammonia, total dissolved solids, hardness, chlor-
ides, color, and pH.

Water samples of runoff and from puddled water and seeps
throughout the waste sites should also be collected.

All analyses should be tabulated and used for constructing

maps and cross sections of the water quality data.

Subsequent monthly water samples should be collected and
analyzed and the data for each well should be tabulated
and graphs kept current.

An annual water sample should be collected and analyzed
for the above constituents or parameters plus calcium,
magnesium, manganese, iron, sodium, potassium, alkalinity,
total organic carbon, and phenols.

Four or five percolation tests should be made in each of the 5
waste disposal ponds, in the waste pot storage areas, and along
the bottom of the gully along Outfall No. 4 to determine the
in-situ permeability of the materials as a means of assessing
the potential for infiltration of leachate.

Samples of shallow soil and waste sludge should be collected
during the digging of holes for the above percolation tests and
by hand augering to depths of about 8 to 12 feet and used for
particle-size analyses, consclidation and unconfined shear
tests, and Atterberg limits, chemical analyses, and leachate
column testing. This information will assist in determining
the chemical and physical properties of the materials and in
assessing the potential adsorpticn and release of contaminates
from the materials as leachate.

a.

Chemical analyses would include cyanide, fluoride, and
ammonia.

R X U8 I i
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PHASE II

5.

b. The column tests would subject samples of soil or waste
sludge to percelating distilled water. Samples of the
resulting leachate and the leached soil or waste would be
analyzed for cyanide, flucride, ammonia, TOQC, color, and
pH as appropriate.

C. The strength tests will be used to evaluate the physical
properties of the sludge and to determine the feasibility
of using the abandoned sludge ponds for other purposes
such as open material storage or parking lots.

Conduct a reconnaissance of nearby sources of clay borrow
material for liner and cover material. Surface samples should
be obtained for visual inspection.

Compile and evaluate the results of Phase I field and labora-
tory studies to determine 1f remedial alternatives can be
formulated and assessed or if all or part of the Phase II
investigation would need to be performed.

Drill berings at about 10 locations and install one or more
screened monitoring wells at each site. These prospective
sites are tentatively shown on Figure 7. The drilling is
necessary because some of the test wells previously drilled
have been destroyed, or are not available for monitoring and
need to be replaced. Data are needed at other locations not
presently being monitored. The borings will also permit a much
better definition of geclogic materials than previous borings.
The exact location of the borings would depend, in part, on the
results of Phase I.

a. Individual monitoring wells should be constructed with
screens gravel packed and casings grouted so as to tap the
aquifer at different levels., This would establish ver-
tical distribution of contaminates and different head
potentials,

b. Perform laboratory permeability tests of low permeability
materials overlying the aquifers to assess percolation
rates at intermediate depths.

[ Include new monitoring wells in monitoring program (Items
1 and 2, Phase I).
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PHASE 11T

Install equipment and monitor daily inflow of slurry and out-
flow of effluent from waste pond No. 5. This data would be
used to assess the leakage from the pond.

Investigate vertical and lateral extent and properties of
nearby clay sources to be used as cover or liner material of
present or future waste sludge disposal sites,

a. Drill about 10 borings from 15 to 30 feet deep and collect
soil samples for laboratory testing.

b. Laboratory testing of about 10 samples for comsolidation
and permeability properties.

Evaluate the above generated information and data, including
incorporation of results of Phase I data collection program, to
identify and quantify to the extent possible the sources of
ground water contamination. The 'investigation could possibly
include analyzing the data using a digital computer model to
simulate the ground water flow system,

Evaluate the technical and economic feasibility of mitigating alter-

natives and formulate general recommendations and conceptual plans. This

would be done after the evaluation of the geohydrologic system and the extent

of contamination has been performed.

INVESTIGATIVE PROGRAM COSTS

The costs for conducting the Phase I and Phase II investigative

programs are based on Dames & Moore and their subcontractors performing all of

the outlined work, It is assumed that Ormet Corporation personnel will be

unavailable to perform any field or laboratory tasks. This assumption in-

creases the cost of certailn work items appreciably, especially those items

pertaining to collection and analyses of water samples. The costs are as

follows:

[ R Pt
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PHASE I - Item 1l 5 2,800
Item 2 22,000

Item 3 2,800

- Item 4 11,000
Item 5 800

Item 6 4,500

TOTAL $49,900

PHASE II - Item 1 $54,500
Item 2 5,500

Item 3 6,000

Item 4 13,500

TOTAL 579,500

These estimated costs are on a time and expense basis and include costs for
drilling, laboratory testing, travel, subsistence, and equipment. Because of
many uncertainties, professional service for Phase III cannot be accurately

estimated at this time but is believed to range from $12,000 to $15,000.



ALTERNATIVES TO MITIGATE CONTAMINATION

-~ As previously stated, the contamination of the Ranney well will con-
tinue as long as leachate is produced in the sludge ponds, the waste pot
lining storage area, and from the suspected percolation of effluent from
Outfall No, 4. It is recommended that mitigating measures to eliminate con-
tamination of the ground water supply eventually be implemented., The inves-~
tigative program should first be accomplished and analyzed before formulating
mitigating actions. However, it 1s believed that some of the possible miti-

gating actions may be as described in the following paragraphs.

STABILIZATION OF THE WASTES

Wastes presently in the waste disposal ponds could likely be stabi-
lized by either covering with clay cover or by encapsulation to prevent leach-

ing of contaminants by precipitation.

Clay Cover

A minimum of 2 feet of compacted clay cover placed over abandoned
ponds would substantially reduce rainfall percolating through the landfill and
subsequent leachate generation. This cover should probably be placed in 6-
inch lifts with each successive lift placed perpendicular to the preceding
one. Extreme rises in river stage could possibly saturate the bottom portions
of the sludge, causing some release of contaminants. It is likely a clay
cover should be installed over the pot lining storage area also. Grading of
the sludge and the pot lining storage area surfaces should precede installing

the cover to prevent surface water ponding.
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Encapsulation or Lining of Sludge Ponds

- Contaminates in the waste disposal ponds could be contained by using
either an impermeable, nonreactive membrane or compacted clay to eliminate
seepage of leachates to the sand and gravel aquifer. The purpose of encapsu-
lation is to seal the bottom and to ultimately limit leaching of the soluble
wastes by physically keeping rainwater from contacting the wastes. Ideally,
the impermeable material should completely encapsulate the chemical wastes to
minimize leaching.

Encapsulating landfills is technically feasible and is viewed favor-
ably by regulatory agencies. It 1s, however, somewhat questionable if the
regulatory agencies would permit a new landfill using this technology at this
site; however, mitigating an existing landfill would probably be acceptable.
This is mainly because regulatory agencies are striving to locate disposal
sites on relatively impermeable soils and not over gravels and sands associ-

ated with river sediments.

CHEMICALLY NEUTRALIZE SLUDGE

.There is a reasonable possiﬁility that the largely untreated sludge
in the 5 sludge disposal ponds could be chemically neutralized to reasonably
acceptable levels. Considerable testing would be necessary to identify the
extent and properties of the sludge and to formulate an optimum neutralization
method. The neutralization could be done in-situ with or without mixing
chemical additives with the sludge. Depending upon the type and amount of
chemical additives and the need for mixing, neutralization could range in cost

from moderate to very expensive.
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EXCAVATION AND REMOVAL OF EXISTING WASTES

- The chemical and physical wastes present in the sludge disposal
ponds and the waste pot storage area could, if proven to be unmanageable by
other means, be removed and disposed of in properly coustructed landfills not
adjacent to permeable materials along the Ohio River. This would involve the
acquisition of property under which the soil material was relatively imper-
meable and on which recharge was limited,

The removal of waste and subsequent deposition in a certified waste
landfill would probably be the most acceptable alternative to the regulatory
agencies. There would likely be appreciable environmental disturbance during
the excavation which could result in abnormally high quantities and concen-
trations of slugs of leachate reaching the ground water system. This alter-

native would also be very costly.

INTERCEPTOR WELLS

About four interceptor wells could be installed in a north-south
line south and west of Test Hole 1l to capture any leachates migrating from
the sludge ponds and waste pot storage area toward the Ranney well. The
discharge from the interceptor wells should be treated to reduce the level of
contamination. The method has an advantage of an attractive first or capital
cost and would likely be quite efficient. Its disadvantage is that it would
require a moderate continuing maintenance and operating cost, would require
the construction of a water treatment facllity, and the method treats the

effect but not the cause of contamination.



Another modification of the interceptor concept is to pump the 8-
inch well at about 100 to 200 gpm and discharge the water into the neutrali-
zation ;lant, thence to sludge pond No. 5. It is believed that pumping there
could intercept much of the leachate-contaminated ground water. Until more is
understood about the source(s) and mechanism of contamination, an evaluation
of the effectiveness of the pumping is not possible. It is believed, however,

that about 100 to 150 gpm of contaminated ground water is migrating from the

area near the 8-inch well to the interceptor well,

RECHARGE BARRIER

A recharge barrier would create a hydraulic barrier to most of the
contaminate migration towards the Ranney well, By increasing the ground water
levels in the gully near Qutfall 4, the hydraulic gradients would be reversed
causing contaminates to largely migrate to the Ohio River. The barrier could
likely be formed by recharging river water through pits or ditches.

This method would not reduce local aquifer contamination beneath the
sludge disposal ponds or the waste pot storage area but would isclate most of
the leachates from the Ranney well. It cannot be accurately determined at
this time if some bypass leakage would occur. This method would require a

moderate first cost and meoderate maintenance and operating costs.

STRUCTURAL BARRIER

Leachate migrating from the waste disposal areas could possibly be

prevented from moving downgradient to local pumping centers by constructing a
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grout curtain, a slurry wall, or driving sheet piles down to bedrock along a
north-south line from TH-11. The slurry trench method would involve excava-
ting a ;eep narrow trench through the sand and gravel aquifer and backfilling
the trench with a low permeability slurry such as bentonite mud, These tren-
ches would range in depth from 60 to 100 feet at the landfill site.

A grout curtain is another possible method of reducing the per-
meability of the aquifer around the perimeter of ﬁhe landfill. Grouting
methods involve drilling a line of small diameter holes into the permeable
zones of the aquifer. Grout, either cement or chemical, is injected under
pressure into the permeable sands and gravels forming a 'wall" of very low
permeability materials around the landfill. Steel pilings could be driven
from the ground surface to bedrock to form an impermeable barrier to leachate
migration.

The grout curtain and piles probably have only moderate acceptance
possibilities by regulatory agencies because of the uncertainties of com-
pletely isolating the subsurface beneath the landfill. There may also be
problems with reactions between the chemical grout and the leachate. The
slurry trench concept is believed to have a moderate acceptance potential with
regulatory agencies. These methods would have an extremely high first cost

but low operating cost.

OUTFALL CONTROL

It is believed that outfall No. &4 carrying effluent from waste
disposal pond No. 5 should be piped to the river and not permitted to possibly

percolate into the aquifer. This could be an effective low cost means of
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SUGGESTED PROGRAM

The following suggested program is listed in order of its priority
(the highest priority item listed first) for consideration.
1. Implement Phase 1 Investigative Program,

2. The Ranney well laterals should be inspected to determine if
incrustations have reduced infiltration. The Ranney well
company stated that they commonly send a diver into the Ranney
well to inspect the installation and to measure the velocity of
flow from each lateral. If incrustation of the laterals is
suspected, mechanical or mechanical and chemical treatment and
cleaning would likely be beneficial. WNormally the well is cut
of production for 36 to 48 hours at a minimum.

3. Continue the rate of removal of the remaining stored waste pot
linings or move the waste pot linings to a covered and floored
storage area. Fugitive in-plant wastes which could be a source
of ground water contamination should be stored in covered areas
where rainfall cannot generate leachate.

4, Complete Phase I Investigative Program and evaluate if Phase II
is required or if sufficient information is available to formu-
late alternatives to mitigate ground water contamination. If
Phase I is sufficient, formulate these alternatives. 1If Phase I
is not sufficient, implement Phase II.

5. Outfall 4 effluent should discharge to the Ohio River via
pipeline or asphalt line ditch. This would reduce possible
percolation into the water table. This should be done only
after the Phase I Investigative Program has been completed.
Agency requirements for point discharge must be considered.

6. Encapsulate any future waste disposal ponds and place a clay

: cap over the abandoned waste disposal ponds to reduce leachate
production. This should be done only after the results of
Phase I and/or Phase II Invegtigative Program(s) indicates such
measures are effective and needed.
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reducing potential contamination from that scurce., It is assumed that the
cognizant regulatory agencies are aware and in agreement with the present out-

-

fall discharge to the Ohio River.

RELOCATION OF WATER WELLS

New water supply wells could probably be drilled east of the sludge
disposal pond near Test Hole 12. This area would probably have potential
production rates similar to the area at Ranney well No. 1. However, the
resultant withdrawals would probably reverse existing ground water gradients
causing contaminants to migrate toward the new wells. Until the source of
contamination is eliminated or reduced, large scale pumping in this area is
not encouraged, It is probable, however, that 500 or 600 gpm of water for
sanitary purposes could be developed, although more data and analyses would be

necessary to more precisely predict the success of such a facility.

SUGGESTED ALTERNATIVES

It is recommended that an investigative program be conducted to
assess the source and controls of ground water contamination before any sig-
nificant remedial efforts are made. However, based on our evaluation of the
limiced data and information at hand, it is our opinion that the lining of any
future operating sludge disposal pond (and eventual cover), a clay cover over
the abandoned ponds, and piping of effluent from outfall No. 4, may be the
most favorable alternatives to alleviate ground water contamination. Con-
struction of the above alternatives would not eliminate the use of the present
interceptor wells until the residual contamination in the aquifer has diminished

to acceptable levels.
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TABLE 1

PROCESS WATER USAGE AT ORMET CORPORATION HANNIBAL PLANT

Rectifiers, Potlines I - 5
Rectifiers, Potline 6

Rod Room

Anode Presses

Green Mill

Steam Make-up

I.R. Air Compressors
Elliott Air Compressors
Carbon Baking

Cryolite Recovery

Reference: Ormet, 1974.

Max.
Des.

1800 GPM

700
210
30
60
70
2540

150

150

3430 GPM

Measured

9/10/68

1280 GPM

500

80

40

50

30

130

110

30

110

2400 GPM



TABLT 2

ESTIMATED LEACHATE QUALITY PROVIDED BY THE SLUDGE DISPOSAL POND
AND THE WASTE LINER STORAGE AREA

Disnosal Area

Sludge Disposal
Pond* (prior to
neutralization plant)

Sludge Disposal
Pond** (after
neutralization plant)

Waste Pot Lining
Storage

&
Leachate value for all sludge disposal ponds.

Paranetar Msasured

pid

Fluoride {(ppm)
Transmittance
Cyanide

pH

Fluoride (pom)
Transmittanca
Cyanide

pH

Fluoride (ppm)
Cyanide (ppm)
Transmittance

Averaz2 Range of Parua:taor

10.5-10.7
1,100-1,400
0
trace

6.5-7.5

19-400

unknown
0

10
unknown

trace
unknown

ke
Leachate value for presently operating sludge pond since May, 1977.
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TABLE 3

QUITALL FLOW RATES AMND CHIMICAL ANALUSIS

July 7, 1977 Sacple

Qucfall

Total suspended solids
(ppm)

Fluoride (pom)
Flow (MGD)
Temperature (°C)

pH

July 21, 1977 Sample

Qutiall

Total suspended solids
(ppm)

Fluoride (popm)
Flow (MCD)
Temperatures (°C)

pH

16

14
1.09
28

7.3

84

24

1.19

29

7.2

62

44.3
0.62
39

6.7

20

1.07

AT

1.4

3 4
169 97
66.8 23.3
0.06 1.21
28 28
8.5 6.8
3 4
919 29
151 54
0.10 1.39
24 27
6.0 7.2




MEAN MONTULY TIMPEZATURYE, PRECIPITATION, AND

TASLE,

e
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TR
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A

5

L2AL, CHIN

January
February
March
April
May

June

July
August
Saptembar
October

Noveanber

Pracipitacion®
(inches)

3.73
2.92
4,05
3.60
4,21
4.54
4.47
4.57
3.1
2.52
2.91

3.40

44.02

Temparatura®
(degrees)

34.7
35.0
42.8
53.2
63.8
72.9
76,1
4.6
68.0
56.8
44.1

34.8

52.9

Evasor:iians*

{(iaches)

5.24

6.05

6.05

5.23

4.13

2.79

L0-45

* .
Measured at New Martinsville, West Virginia (U.S. Depdrtment of Commerca,

1974).
ek

the pariod of 1972 through 1976 (NOAA).

Mav to Qectober.

An aéq;age‘of pan evaporation rates measured at Senecaville Laké, Ohlo for

Measurements were oanly made from

*Mean annual pan evaporation (U.S. Department of Commerce, 1968).
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sampler, relatively undisturbed samples were obtained from
the Poriﬁqs and test pits for soil testing and leachate extract
analysis. Table 1 lists the depths and results of physical
testing of sludge and soil samples in the laboratory.

The water levels in seven wells were measured by
Ormet personnel, abbreviated water level drawdown and recovery
tests were made in response to pumping, and water samples were
taken for analysis during the pumping of the wells. The series

of drawdown tests were conducted and water samples collected

et/

twice, on or about August 25, 1978 and November 9, 1978. The
construction features of the wells and water levels are listed
in Table.z and the results of the water analysgses are listed iﬂ
Table 3. Ormet Corporation also made chemical analyses of
leachate from siudge samples. The results of which are shown

in Table 4.

RESULTS OF INVESTIGATION

WATER QUALITY

Ormet Corporation, at Dames & Moore's direction,
collected ground water samples for laboratory analyses from
all available wells and from puddled water on the plant site.
Well water samples were to have been taken after 2, 4, 6 and
8 casing volumes had been pumpea from the well. This was
suggested in order to flush the casing, to evaluate any possible

layering of contamination in the aquifer near the well, and

4 ‘ . DAMUS T MOOaR
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to assess the integrity of the well. However, in some cases
water samples were collected at less than the volumes specified.
This_waslin part due to low specific capacities (productivity)
of the individual wells with respect to the pumping egquipment
used. In those cases, the pumping water level would rapidly
decline to the pump intake curtailing further pumping at the
normal pumﬁing rate of 10 or 12 gallons pér minute {(gpm). The
discharge line should have a valve at the surface to lower the
pumping ratg and sustain withdrawal thus preventing overpumping
the welll.

Results of the analyses of the ground water samples
are shown in Table 3 and the sampling locations are on Figure 1.
The analyses showed that water from the wells nearest to the
disposal areas, the 8-inch well and wells TH3, TH7, and TH1l
contained the highest fluoride (8.6 to 64.8 mg/l) and dissolved

solid (500 to 3500 mg/l) concentrations. However, water from

well TH15 as sampled in August 1978 also contained high fluo-

ride (47.4 mg/l) and dissolved solids (400 mg/l) concentrations.

Subsequent sampling and analyses of water from TH15 showed
fluoride concentrations of from 2.4 to 4.6 mg/l. The validity
of the water samples collected in August from well

leS is suspect. Poor quality water should be intercepted by
the Ranney and the interceptor wells and should not reach well
TH15 unless there is an unknown source of contamination.
Transmittance (0 to 24 percent) was very low for water from the
above wells, except for well TH3 (79 to 8l percent). Hardness

values for the wells were generally high ranging from 30 to 255

5 _ DAMES § MOORE



' concentrations in well TH15 is discounted. The degree of light

mg/l. Chloride coﬁcentrations which ranged from 39 to 84

mg/l were below U.S. EPA National Interim Drinking Water

Standards. Cyanide was below or near detection limits (<0.01 i
mg/l) , except in the first sample from the 8-inch well where i
it was 0.02 mg/l. Values of pH ranged from 6.6 to 9.5. i
Ammonia was detectable only in wells TH4 and TH1l, which are E
near the waste pot lining storage areas and in wells TH12 g
and THI1S. |
Table 3 also lists the ranges of fluoride and chloride |

i
concentrations and ranges of transmittance and pH levels from ~
chemical analyses performed in 1972. The current levels of
those constituents in the ground water indicate an improvement

in ground water quality since 1972. Fluoride concentrations

have decreased markedly in ground water samples from the 8-inch

well and wells TH3, TH7, and TH17. The August 1978 contaminant

transmittance has not changed significantly in any of the ground
water samples. Units of pH have remained constant or decreased
1 to 2 units, except in ground water from well TH12 where it

has increased 1 to 2 units. Chloride concentrations are much
lower than 1972, except in wells TH12 and TH17, where increases
by a factor of about 1.5 to 4 have occurred.

The improvement of ground water quality can probably be;
attributed to the neutralization treatment of the effluent con- I
taining the sludge before it is discharged into the disposal pondJ
the partial stabilization of abandoned disposal ponds and the

continued removal of sources of contaminants such as waste pot

6 DAMES 0 MOORNE
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linings. Although there has been an increase since 1972 of pH
in well TH12 and of chloride in wells TH12 and TH17, only

the additional fluoride constitutes a deterioration of the

water with respect to the standards listed in Table 3. Chloride

concentration and pH levels are still within the standards.
Only ground water from wells TH12 and TH17 do not substantially
exceed National Interim Drinking Water Standards for fluoride
and'only ground water from TH12 and TH15 contains less than the
standards for dissolved solids. All samples from the wells
except wells TH3 and TH15 are within the pH range of 6.0 to
9.0, and all samples contained less than 250 mg/l chloride.
Water samples from puddles were found to be of much
worse quality than the ground water samples from the wells.
Fluoride concentrations ranged from 314.0 to 3,340.0 mg/l;
dissolved solids, 5,800 to 42,000 mg/l; hardness, 0 to 45 mg/l;
transmittance, 20 to 95 percent; pH, 9.4 to 10.7; chloride,
43 to 137 mg/l; cyanide, 0.02 to 31.0 mg/l; and ammonia,
0.74 to 12.80 mg/l. These concentrations indicate a badly
polluted potential surface source of contamination. Fortun-
ately, the source is of limited extent and also the ground
surface and bottom of many of the puddles are compacted by
vehicle traffic so that downward percolation is inhibited.
However, this potential source of ground water contamination
shoﬁld not be lightly Qismissed and efforts to ensure rapid
plant drainage to prevent accumulation of contaminated water

should be encouraged.

7 DAMES B MOORE



SOURCES OF CONTAMINATION

Waste Disposal Ponds

-

The shallow subsurface at the five waste disposal
ponds, the waste pot lining storage area, and the gully at
Outfall No. 4 was investigated by borings and test pits.

Field tests of the sludge material in the waste disposal ponds
found that the material has a moderately low permeability

4

ranging from 4.0 x 10  ° centimeters per second (cm/sec) to

5 cm/sec and averages 1.3 x 10"4 cm/sec. The test

2.9 x 10°
results are listed in Table 5. Three laboratory falling head
tests of the sludge material (Table 1) resulted in an average
permeability of 4.6 x 1075 em/sec. This value is about one-
half the order of magnitude lower than the average of the field
permeability test results. This is probably due to some con-
solidation and packing during sample collection and transport.
Based on these field and laboratory test results, the perme-
ability of the sludge is moderately low but sufficiently high
to permit infiltration of water through the sludge.

Typically, the sludge surface is dry to a depth of
8 to 10 inches when not covered by standing water. Below 8
to 10 inches, the sludge is saturated thus indicating the
sludge retains moisture and does not drain readily. The result
of other laboratory tests, to be discussed more fully later,

showed that for a sludge sample from 5.5 to 7.0 feet at SB3 in

disposal pond 4 the moisture content wasVGG.B percent {(Table 4).

DAMES D MOORE



Thus, the infiltrating water is inhibited and the physical
flushing of the sludge is likely to be very slow.

) : The average infiltration rate in the abandoned
sludge disposal ponds is assumed to be about 15 inches per
year. The remaining 29 inches per year average precipitation
is dissipated through evaporation and runoff, (Dames & Moore,
1977, Table 4). The permeability is quite sufficient to allow
that quantity of water to infiltrate. This would result in

the same quantity of water escaping from the pond as seepage,

largely to the ground water.

Sludge Leachability

Analyses of leachate from testing the sludge, listed
in Table 4, indicated concentrations of constituents similar
to those in the ground water samples. Fluoride ranged from
2 to 218 mg/l; dissolved solids, 200 to 2,400 mg/l; cyanide
<0.01 to 0.45 mg/l; and ammonia, <0.01l to 1.52 mg/l. For more
than half of the samples, the first leach, although not sig-
nificantly higher. The highest concentration of fluoride in
the leéchate from all the samples was from a sludge at SBS at
about 5 feet. There is no direct indication that the leach-
ability of the source material increases with depth.

The chemical characteristics of the sludge material
is not clearly known. Tests were made to assess the leach-
ability of various constituents of the sludge in order to

attempt to quantify the mass of contaminates percolating to

-
’
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the ground water syétem as a measure of the contamination
potential of the waste disposal ponds.

- The chemical and physical characteristics of the
sludge and the percolating waters and the types and concentra-
tions of the different fluoride compounds control the amount
of fluoride ions flushing from the sludges to the ground water.
Calcium ions from lime and fluoride ions from the effluent

precipitate as calcium fluoride, CaF,. After equilibrium is

established, this reaction provides a chemical mechanism to

I
“;
control the concentration of fluoride ions that can be flushed
from the sludge. Aluminum also forms strong complex ions such !
as ALFTY with the fluoride ions. The stability of CaF, is !
highest at a pH of about 7 to 9. If the pR becomes strongly !
acidic, disassociation may take place and excess fluoride may %
be released. Of interest is the relative stability of the ;
fluoride ions implied by the results of the leach tests. The {
amount of water added to the sample during each test was about

50 or 60 pore volumes of the sludge sample and yet the second -
leach test of the same sample commonly did not result in a '
substantial decrease in effluent concentrations. There is an
implication that there is likely a pH-controlled equilibrium
between the effluent water and calcium and fluorides concentra-
tions which limit the concentration of those ions in the efflu-~
ent. Conversely, if such an equilibrium does not exist, then

the second leach test of the same sample would result in a

much lower concentration of fluoride. Under that assumption,

10
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the amount of fluoride released would be substantially diluted
by the excess pore volume of added water. Thus, the test
resudts are not entirely conclusive but can be used as a guide
for formulating future testing procedures.

It must be concluded that the sludge ponds are
sources of fluoride contamination to the ground water. The
present concentration of fluoride in the ground water correspond
similarly to concentration of fluorides from the leach test
possibly reinforcing the belief that under present ranges of
pH that an eguilibrium between the fluoride and calcium likely
exist. The higher concentration of fluoride in the ground water
in 1972, up to 900 mg/l, can not be readily explained unless they'
were the result of the effluent to the ponds under pre-neutral- .
ization plant conditions and from the pot lining storage area.

The highest concentrations of fluoride in the ground
water is in the vicinity of the 8-inch well, and wells TH3 and
TH7, all of which are within 200 feet of a disposal pond. Thus,
it is likely that the disposal ponds are contributing fluoride |
to the ground water. The higher concentration of fluoride in
the 8-inch well suggests that waste disposal pond no. 5 is
responsible for much of the current contamination.

Ground water samples from well THl1ll, which probably
represent the effluent from the waste pot storage areas, con-
tain lower concentrations of fluoride than ground water from
the 8-inch well and wells TH) and TH7. This suggests that the

waste pot storage areas are not now the major source of fluoride.

11 . DAMES 0 MOORD



However, the original pot lining material rapidly leached
fluorides which exposed to precipitation. This could have
contributed substantial amounts of fluoride to the system
earlyon.

Pits SB8 and SBY9 within the gully near OQutfall No.
4, found clay within 3 feet of the surface. This clay should
effectively retard infiltration of contaminants from Outfall
No. 4 to the ground water in the aquifer in this area.

An estimated fluoride mass balance shows that the
amount of fluoride being removed from the ground water by the -

interceptor and Ranney wells is much greater than the amount

that appears to be entering it through the sludge disposal

ponds. The interceptor wells, pumping a high average of 500

gpm of water that contain about 80 mg/l of fluoride, removes
5

about 1.8 x 10~ pounds of fluoride per year. The Ranney well,

pumping 1350 gpm of water that contains 2.8 mg/l of fluoride,
removes about 1.6 x 104 pounds of fluoride annually. Thus,

5

there is a total of 1.9 x 10~ pounds of fluoride being removed

S’

by the wells annually. The combined area of ponds l-4 is

232,000 f£t2

{Dames & Moore, 1977, p. 6), and, if an estimated
15 inches of precipitation flush water containing an average
of 40 mg/l of fluoride (estimate from Table 4) then about
7.3 x 102 pounds of fluoride enters the ground water from
pond 1-4 annually.

The amount of fluorides being contributed by Pond

No. 5 is unknown. Pond No. 5 has a surface area of 470,000

DAMES 0 MOORE
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ft2 and is currently covered with treated effluent from the
neutralization plant. 1If it is assumed that the average
permeability of the sludge is 9.4 x 10™° cm/sec and if there
is an average of 2 feet of water standing over an average of
20 feet of sludge, then leakage through the sludge is about
1,000,000 gal/day. This figure seems much to’high. Previous
inflow-outflow studies show very littie loss in the pond. If
it is assumed that the effective permeability is only

1x 10°°

thén about 100,000 gallons per day could be leaking
to the ground water system. If it is further assumed that the
seepage water contains 100 mg/l fluoride then the total

4 1b/yrx.

fluoride contribution from Pond No, 5 is 3 x 10
Obviously, the leakage from Pond No. 5 is a key factor in
determining the fluoride balance. It is hard to imagine that
losses greater than 100,000 gallons per day would escape detec-
tion and that substantially greater concentration of fluoride
would be generated. At present, Outfall No. 4 carries about

1 mgd of effluent containing about 35 mg/l fluoride from Pond
No. 5. Thué, there is a discrepancy of fluoride being con-
tributed., The contribution of fluoride from the waste pot
storage areas is not large enough to make up the deficit.

Some of the fluoride presently being pumped out could be from
fluoride inltemporary storage in the ground water which is
being flushed from the system. Unfortunately, there has been
no continuous monitoring of ground water gquality to be able

to address the possibility. It is concluced that additional

information is needed to refine the fluoride mass balance.

DAMIS D MOORE

13



Test Well Drawdown and Recovery Tests

- Prior to and during the pumping of available test
wells for water samples the.ground water levels were measured.
The specific capacity of the wells was calcu;ated from the data
and is expressed as the pumpage rate from the wells (gpm)
divided by the drawdown (feet)} and is a measure of the wells
productivity. This was done to evaluate the suitability of
test wells for use as interceptor wells. Based on location,

only the 8-inch test well and well TH3 are positioned to cap-

ture contaminated ground water prior to its migration to the ‘“T
Ranney well and the two existing interceptor wells. Both of

these wells have reasonable specific capacities also. The

B8-inch test well is constructed with 8-inch ID casing to a

reported 92 feet and TH3 is constructed with 6-inch ID casing |
to a reported 104.5 feet. Both wells appear to have sanéﬁigi ?“ééo'

gravel material heaved into their casings at a depth oﬁi?? and ..

iy

91 feet, respectively. These wells could possibly be pumped
at about 100 gpm as is, however to pump at 200 to 250 gpm and
to preclude the possibility of excessive sand wear on the pumps,
the wells should be cleaned out and 5 to 10 feet of screens

installed.

Reclamation of Waste Disposal Ponds

Selected sludge samples from the waste disposal ponds

were subjected to various physical laboratory tests. The soil
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TABLE 1

SUMMARY OF LABORATORY TEST RESULTS

pertH FIELD nn:::n PERMEABILITY® LIQUID  PLASTIC \
BoR1ING® wocaT1on _(rexn) SOIL TYPE CRAIN SIZE  MOISTURE  {1b/cu.ft.) (cm/eec) LIMIT _ LIMIT
sB-1 (L] 0.0- 1.5 sludge 7.1% < #200 127.2 37.9 1.2x 10 - -
s8-1 prHL 3.0- 4.5 sludge - 114.2 41.9 — -_ -
881 oPft 8.5-10.0 sludge - 127.3  38.9 - - -~
$B-2 oPrs 0.0~ 1.5 eludge 23.82 < #200 33.0 69.4 - - -
$B-2 DPIS 1.5- 3.0 sludge - 33.5 75.0 - — -
SB-2 DPIS 4.5- 6.0 sludge 53.72 < 1200 54,9 70.1 - - -
s8-3 orts 0.0~ 1.5 sludge - 54.9 70.1 S 7x10°m  — -
s8-3 DP#4 5.5~ 7.0 sludge - 108.0° 43,5 - 55 53
s8-3 DS 7.0- 8.0 sludge 28.8X < 1200 95.2 46.9 - - -
SB-4 DPe2 0.0- 1.5 sludge - 48.7 - - — -
5B~5 pEfl 0.0~ 1.5 studge -_ - -— 6.9 x 107 ¥ — -
$8-8 ¢ 8.3- 9.0 clay 96.8% < #200 33.1 - - - -
s8-9 c 9.8-11.4  silty clay 51.4% < #200 17.9 - - - —
5B-10 wr 7.0- 8.0 sand & gravel 2.0X < #200 5.9 - T3 x 1072 nz — —;
S58-11 we 11.0-12.6 sand & gravel 3.6X < 200 1.7 - 4.0 x 10-z [} — -_
5B~12 ¢ 11.5~12.5 clay . - -— -— - - - -

*See Figure 1 for location of borings.

hru = Laboratory falling head test.

HZ = Mazen's spproximation, K = lﬂO(Dlo)z.
cnygroscoplc water content = 66.3%.
dDP = Disposal pond.

WP = Waste pot lining storage area.
C = Gully near outfall 4.




TABLE 2

SUMMARY OF WELL CONSTRUCTION

SOUNDED ELEVATION  ELEVATION \

DEPTH DEPTH OF CASING OF TOP OF GROUND SPECIFIC WATER LEVEL BELOW CROUND

(FEET) CASING DIAMETER OF CASING SURFACE CAPACITY FEET
WELL NO. 2/72 (FEET)  (INCHES)  FINISH (HSL) (msL) (CAL/MIN/FT) 2 8/7 11778 REMARKS

4" test well B87.0 92.0 8 open hole 654.2 652.2 8.3 50.7 3%.0 3.0

i O 99.0 -— 6 open hole 666.0 665.5 - 92.9 - _—
™ 1 9%.1 101.0 6 open hole 664.0 662.2 - 86.8 -_ -—
™ 2 _— -— -— - -— - -— - -— -_
™ 3 9.1 104,5 [ open hole 667.5 665.0 15.2 10.6 55.9 55.8
™ 4 84.6 29.5 6 open hole 651.8 649,3 - 27.9 - —
™ § 67.9 86.0 (1 open hole 653.7 651.2 -_— 49.0 - -
™ 6 57.2 63.0 6 open hole 646.4 644.9 bl 41.9 - -
™ 7 59.3 73.8 6 open hole 658.2 656.4 3.5 51.0 3s5.2 -_—
T™H 8 13.7 73.8 6 open hole 649.6 847.7 _ hb.? - -
T™H 9 73.5 82.0 6 open hole 648. 4 646,2 _ 43.3 -_ -—
T™ 10 50.9 56.7 6 open hole 658.2 656.5 -— 41.5 -— 5.4
T4 11 50.1 57.2 6 open hols 658.8 657.1 1.4 35.4 35.3 -—
'l.’ll. 12 68.1 74,0 6 open hole 638.6 635.6 0.5 32.8 6.1 -—
TH 13 60.4 67.0 6 open hole 635.3 630.3 - 27.4 -_— -_—
TH l4-A 55.5 - 6 5' screen 653.4 651.6 -_— 48.3 -— —
™ 15 98.6 102.0 [ 53' screen 663.6 -— 1.1 75.5%  72.6 l‘l'OCb _—
™ 16 97.0 102.0 6 5' screen 664.3 662.9 -— 80.0 - 10.2
™ 17 -_ -— 6 5" screen 663.6 661,5 9.7 73.8" 712 68.6
™ 18 - - - - - 660.8 - - - -
TH 19 98.2 - - — 662.6 660.8 - 19.2 — -

*uater level from 7-18-72,

BTOC = below top of casing,




TABLE 3

SUMMARY OF WATER ANALYSES

\

. GALLONS CASING  FLUORIDE  SOLIDS  HARDNESS THANSMITTANCE CHLORIDE  CYANIDE  AMMONIA
SAMPLE O, DATE PUMPED _ VOLUME _ (mg/1)  (mg/1)  (sg/1) () oM (mg/1) (»g/1) _ (mg/1)

Drinking Mater Standards  — - 1.2-2.48 s00® - - - 250° o0.m* -
Oblo River Standards - - 1.0 500 - - 6.0-9.0 250 0.025  0.05
8" well, #1 08-25-78 0 0 0.4 2,800 60 15 8.8 84 0.02 0.00
7 08-25-78  13.9 1.4 60.4 2,700 60 13 8.7 82 0.01 0.00

7 08-25-78 AL 4.2 58.4 2,400 60 13 8.6 n <0.01 0.00
5 08-25-78 83.4 8.4 58.4 2,000 80 12 8.5 84 <0.01 0.00

#5 08-25-78  166.8  16.8 4.8 3,500 65 24 8.8 80 <0.01 0.00

% 11-09-78 - 3 69.5 2,600 - 12 8.0 - 0.09 0.00

7 11-09-78 - 6 64.0 2,400 - 12 8.9 - 0.03 0.00

’ 11-09-78 - 12 62.3 2,200 - 1 8.7 - © 0.02 0.06

1972 Range = — —  260-1100 - - 0-96 10.1-10.9  2766-4100 - -

Wall 43, #1  08-25-78 6.3 0.1 14,0 600 40 79 9.5 6 <0.01 0.00
£2 08-25-78  176.4 'Y 10.3 600 75 87 9.2 43 <0.01 0.00

1 08-25-78  264.6 6.2 2.9 500 8s 9% 9.1 “ <0.01 0.00

4 08-25-78  378.0 8.8 9.9 500 100 9 9.1 19 0.01 0.00

5 08-26-78  14s0? ud 9.2 - - - - - - -

#6 08-31-78 2520° s9¢ 9.9 - - - - - - -

07 11-09-78 - 3 15.1 00 100 74 9.1 ‘8 0.00 0,147

8 11-09-78 - 6 12,3 600 115 82 8.9 45 0.01 0.03

19 11-09-78 - 12 1.5 600 125 83 8.9 59 0.01 0.17

S5ea Figure | for locatfon of welle and puddles.

blulufflclent sample,

cSa-plc contatns metal particles.

dPu-plng rate assused to be 12 gpm.

®.S. Fublic Health Service, 42 CFR, § 72,205, 1971.

thlu River Standards, Ohio EPA, Chapter 3745-1-12, Ohio Administrative Code, effective February 1978.
£y,.5, EPA National Interim Primary Orinking Water Regulstions, sffective June 1977.




TABLE 3 (continued)

DISSOLVED
GALLONS CASING FLUORIDE  SOLIDS HARDNESS  TRANSMITTANCE CHLORIDE  CYANIDE  AMMONIA
SAMPLE %0." DATE PUMPED _ VOLUME ___(mg/1) (ag/1)  (mg/1) (2) pht (ng/2)  (mg/IN _ {mg/1)
1972 Range - - - 150-468 - — 0-39 9.2-10.1  390-443 - -
Vell #7, #1 08-29-78 19.3 1.3 27.2 700 - 0 7.2 35 <0.01 0.34
22  08-29-78 66.0 4.2 34.4 700 40 9 7.9 a3 <0.01 2.10
1972 Range  — - 250-364 — - o 9.8-10.0 - - -
Vell £10, /1 11-09-78 - 1.8 47.4 1,500 - 1 8.0 - 0.00 0.00
2 11-09-78 - 2.1 48.3 1,500 - 0 1.9 - 0.00 0.00
3 11-0%78 - 2.4 a3.4 1,500 - 0 7.9 - 0.00 0.00
1972 Range — - 0.9-10.0 - - 2-98 7.2-8.1 128 - -
Vell f11, N1 o08-28-78  18? 14 8.6 500 120 15 6.6 si =P 0.49
1972 Range  -- - 1.4-10.1 . - 0-95 6.9-7.9 117-142 - —
vell #12, 1S 08-29-78 1! ¢ 0.3 200 0 98 8.2 9 €0.01 0.06
12° 08-29-78 - - 0.4 200 50 97 9.0 74 <0,01 0.00
1972 Range  —- - 0.2-0.9 - - 21-98 6.8-7.2 19 - -
vell #15, #1° o0s-29-78 184 ¢ 4.4 400 30 st 9.4 36 S 1.50
1 12-01-78  104.0 W 4.8 - - - 7.3 — - -
22 12-01-78  104.0 5.9 a7 - — - 7.3 - - -
5 12-01-78  198.5 8.3 2.7 - - - 7.3 — - -
1972 Range - - 1.0-2.7 —_ - 87-99 7.2-8.2 21-32 - —_
vell #16, N 11-09-78 - 2.1 0.9 300 150 100 1.4 30 0.04 0.00
#2  11-09-78 - 4.6 0.7 300 165 100 1.7 30 0.00 1.02
1972 Range — - 1.0-1.8 - - 90-99 7.9-8.6 27 - -
Vell #17, #1  08-28-78 5.3 0.2 0.3 300 95 80 8.3 " st <0.01 0.00
2  08-28-78 74.2 2.5 0.2 500 255 9 7.3 a8 0.01 0.00
3 08-28-78  159.0 5.3 0.2 500 255 100 7.3 43 0.0t 0.00
% 11-09-78 - 0.7 <0.2 300 245 100 1.6 A3 0.00 0.00
5 11-09-78 - 2.05 <0.2 400 260 100 7.3 2 0.00 0.00

P
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TABLE 3 (contfnued)

a GALLONS  CASING FLUOR YDE D;gls.?ll;:gn HARDNESS TRANSMITTANCE CHLORIDE CYANIDE AMMONTA
_SaMPLE WO.®  DATE  PUMPED VOLME  (mg/1)  (sg/1) _ (=g/1) (x) pt (mp/1) (ag/l) (mg/l)
1972 Range — -—_ 0-2.4 -— — 30-99 7.3-1.9 3429 -—_ -_
Puddle A 08-31-78 — - 640.0 9,200 3 88 10.1 49 3.30 6.20
3 08-31-78 _— o 490.0 6,700 0 90 9.8 137 0.02 0.74
C 08-31-78 _— - 430.0 5,800 35 20 10.0 b % | 0.50 0.7%
D 0%-07-78 — - 920.0 42,000 15 b 11 10.2 32 2.4 12.8
£ 09-07-78 - - 314.0 8,600 45 95 9.4 59 0.07 1.8
F  09-07-78 — — 3340.0 36,000 0 87 10.7 43 il.0 8.6
¢ 11-10~78 _— - 207.0 2,600 10 100 8.5 -_ 0.02 0.09
H 11-10-78 - -— 122.5 4,400 40 100 8.3 _— 0.02 0.00

e
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INTRODUCTION

Plant Setting and Operaticnal History

The Ormet Corporation (Ormet) plant site in Monroe
County, Ohio, is situated along the west bank of the Ohio
River, approximately 35 miles south of Wheeling, West
Virginia. The plant occupies the northeastern half of an
area known as Buck Eill Bottom, a lens-shaped stretch of
land approximately 2.5 miles long and about 0.5 miles wide,
at its widest point (see Figure 1). The southwestern half
of Buck Hill Bottom is occupied by another industrial

facility.

Ormet has used this plant site for more than 25 years,
over which time, their main process has been the reduction

of alumina to produce aluminum metal. Throughout the life

of the plant, groundwater has constituted an important

source for processing- and sanitary water supplies, and is
produced via two Ranney collector wells located to the south
of the Oyxpes pl.ut and the neighboring -facility. A¢ the
presdnt time, these wells are producing a total of about six

million gallons of water per day (gpd).'

As a result of past storage and disposal practices,

inorganic constituents have seeped into Ormet's groundwatery
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Figure 1. Location of the Ormet-Corporation Plant Site,
a Hannibal, Ohio.
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supplies; and, in some areas, ccncentrations of extranecus
substances have reached levels that are undesirable for
process-water uses, As a result, several interceptor wells
have been installed to recover degraded groundwater before

it reaches the Ormet Ranney well.

As a preliminary effort.to identify and define the
nature and extent of impacts to groundwater supplies, Ormet
has sponsored several site hydrogeologic investigations,
including studies by Fred Klaer and Associates (1972) and
Dames & Moore (1977 and 1978). Results from tﬁese studies
indicated that water guality problems were probably mainly
related to sludge disposal and potliner storage practices
that were conducted in the northeastern portion of the Ormet

plant site (see Figure 1).

Study Objectivas and Annrbach

In October 1983, Geraghty & Miller, Inc., was retained
by Ormet to conduct an additiona; hydrogeologic site inves-
tigation to better define the source(s), nature, and extent
of groundwater effects, as well‘as possible remedial alter-
natives for abating exisﬁing and potential conditions. The
specific objectives of this study were to:

« Assess (and contour) groundwater flow patterns

beneath the site, and identify main factors which
control groundwater flow.
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. Document the chemical makeup of leachate plumes and
{to the limits of available data) identify specific
parameters 2and/or parameter relationships that may
account for the appmearance and chemical behavior of
these fluids.

. Evaluate the extent to which leachate plumes have
spread beneath the site and identify main factors
controlling plume migration; and estimate future
plume movement under present pumping conditions.

. Assess and qualitatively define contaminant/source
area relationships, particularly with regard to the
potential for further seepage of effluents into the
groundwater system.

. Discuss long and short range groundwater guality
trends and evaluate possible remedial measures
(conceptual) that could be implemented to abate
existing and potential impacts to groundwater
resources.,

In addressing the above objectives, Geraghty & Miller,
Inc., first conducted a review of existing data (Phase I}.
In this review, previous groundwater flow éatterns and
water~-quality trends were ingpected, and significant data
gaps were identified. A groundwater monitoring program
was then designed and implemented to £fill data gaps and
provide the information needed to fulfill the established

study objectives.
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PRINCIPAL FPINDINGS

The principal findings of the recent investigation

conducted at the Ormet site are as follows:

1.

Groundwater flow beneath the northeastern portion
of Buck Hill Bottom is primarily in the direction
of the Ormet Ranney and old interceptor wells.

Under present pumping conditions, it is estimated
that a unit volume of groundwater moving beneath
potliner storage and sludge disposal areas should
reach the Ranney and old interceptor wells within
about a year's time (based on calculated flow
velocities of 3,300 to 3,700 feet per year):
travel times for dissolved groundwater constituents
are probably longer, depending on the net retarda-
tion factor for a particular constituent.

Groundwater effected by storage and/or disposal
practices is characterized primarily by elevated

- pH and above background concentrations of fluoride,

cyanide, and sodium; and to a lesser extent (i.e.,
with lesser consgistency), reduced light trans-
mittance and elevated levels of chloride, bi-
carbonate, carbonate, sulfate, iron, aluminum,
silica, total organic carbon (TOC), and probably
ammonia,

Pumping (and resultant drawdowns) within the water
table aquifer have lowered groundwater heads below
the water level in the Ohio River and water is
moving from the river into the aquifer (i.e.,
induced recharge); there is no apparent natural
discharge of groundwater to the surface water body
along most of Ormet's river/plant boundary.

Under present conditions, leachate plumes within
the groundwater system are being largely contained
within Ormet's site boundaries as a result of
pumpage from Ranney and interceptor wells. These
withdrawals (at or near current rates) must con-
tinue in order to prevent offsite migration of
leachate plumes,
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6.

It is believed that well screen incrustation prob-
lems (as well as scaling on heat exchange equip~-
ment) are related to elevated concentrations of
silica and TOC (and possibly other parameters such
as aluminum) within high-pH plume fluids; i.,e.,
the solubility of these parameters increases
under high-pE conditions. Upon reaching pumping
centers, it is believed that plume fluids undergo a
net reduction in pH as a result of mixing with
unaffected groundwater; and the corresponding
decrease in silica and TOC solubilities causes
supersaturation of these parameters, which, in

turn, results in precipitation (incrustation).

7.
’.)Q
W
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P

8.

During. the time of the Pred Klaer study (1872),
it appeared that seepage from sludge disposal
facilities (particularly pond No. 5) was a main
contributor to observed groundwater impacts;
however, under present (1983-1984) conditions,
it appears that water-quality alterations by
sludge disposal ponds have become significantl

reduced, and current groundwater impacts may .Jfje
largely related to leachate generation from formeér
potliner storage areas.

Iﬁ is difficult to definitively ascribe ground-

-water degradation to either sludge disposal or

QW/

|

potliner storage practices, based solely on the
chemical makeup of effluents; however, groundwater
flow patterns (and, possibly, water temperature
trends) do serve as fairly reliable estimators
of potliner-related and sludge-related inputs to
the groundwater.

As a means of reducing the potential for migration
of leachate plumes beyond Ormet's western plant
boundary, it is technically feasible to maintain a
hydraulic barrier using pumping and/or injection
wells. In addition, it may be feasible to accel-
erate improvement of Ormet's groundwater conditions
through implementation of source—area management
alternatives and/or plume management practices.
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REGIONAL SETTING

Topoaraphv

The Ormet plant site is situated within the Ohio River
Valley near the base of the West Virginia Northern Pan-
handle. This area is part of the Appalachian Plateau
physiographic province and, in general, can be described as
a highly dissected plateau or plain characterized by rugged
topography, steer slopes, and strong relief, with elevations
ranging from about 600 feet to more than 1400 feet above sea
level. Stream erosion and transport, in cohjunction with
weathering and mass-wasting of slope materials, is largely
respansible for the existing topoérAphic expression of this

region.

The Ohio River generally constitutes the feature

of lowest elevation throughout the area and, thus, receives .

virtually all of the natural drainage via tributaries,
surface runoff, overland flow, and groundwater discharge.
Surface drainage patterns in the region can best be de~

scribed as dendritic, where larger tributaries .branch

irregularly and angularly into smaller tributaries, re-

sembling, in plan, the profile of a branching tree.

A notable exception to the rugged topograrhy described

above occurs in areas adjacent to the ‘Ohio River and some

S’
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of its major tributaries where the deposition of flood
plains and the carving of terraces into older and higher
glaciofluvial outwash has created relatively level or
gently inclined strips of land that tend to parallel the
course of the river. These land features, which are com-
monly referred to as bottoms' or bottomlands, are usually
best developed on the inside of meanders (bends in a river)
and fringe the Ohio River on alternate sides throughout its
length. OCwing to the relatively flat-laying topography, the
availability of water, and the close proximity to a major
waterway, bottomlands along the Ohio River have long been

major centers of population and industry.

Climate

Climate of the area is typical of temperate continental
zones with warm summers and cold winters averaging 73°F
(23°C) and 34°F (1°C), respectively. The mean annual
temperature for this area is about 53°F (12°C)(Price, and

others, 1956).

Precipitation is ample and fairly well distributed

throughout the year with maximum and minimum rainfall

‘occurring in summer and fall, respectively. Total annual

precipitation in the Ohio Valley increases from north
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to south. Normal precipitation for Wheeling is approxi-
mately 38 inches and for New Martinsville is about 44
inches; it is assured that average precipitation at the
Ormet plant site is similar to that occurring at New Mar-

tinsville.

Geologv

The regicn of interest is underlain by Paleozoic-age
sedimentary rocks consisting mainly of conglomerates.
sandstones, siltstones, shales, fresh-water and ﬁarine
limestones, and coals, and lesser amounts of chert, iron
ore, and rock salt or other evaporites. Coal deposits,

which mainly occur in Pennsylvanian-age and, to a lesser

extent, Permian-age rocks, have long been recognized as the:

greatest mineral resocurce of the Ohioc River Valley area.
Rock salt and natural brines of Silurian-age are of local
importance to chemical industries for the manufacture of

chlorine, bleaches, soda ash, and caustic soda.

In hilly, more elevated parts of the region, rock
units are generally overlain by a thin to moderately thick
layer of sedentary or . residual soil that has been formed

in place by the disintegration of underlying rocks, and

g
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by the accumulation of organic material. These soils
are usually relatively fertile and well drained and are
capable of sugpporting woodland, cropland, and pasture.
Owing- to the hilly topeography characterizing these areas,

soils tend to be fairly susceptible to erosion.

1

In areas adjacent to the Ohio River, steep valley
walls ﬁith outcroppiné rocks of Pennsylvanian- and Perﬁian-
age give way rather abruptly to bottomland alluvial deposits
comprising £floocd=-plain and river-~terrace featuées. Upper
river terraces generally represent Pleistocene-age glacial
outwash plains that have been carved into a stepped profile
by the dowﬁcutting Ohio River. These features are mainly
composed of sand and gravel and, in areas along the edges §f
the valley, méy be capped Sy colluvium (clay and rock
fragments) derived from highlands and the vélley wall.
Lower river terraces can also represent abandoned flood
plains deposited by the river during past, more elevated

regimens. Such deposits tend to éontain appreciably greater

- quantities of silt and clay than are found in terraces

formed primarily from glacial outwash.

In the Buck Hill Bottom area, two main terrace lev-

els are present with lower and upper terrace elevations

10
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averaging about 630, and 665 feet above mean sea level,
respectively. The upper terrace, which is occupied by the
main plant facilities, is bounded on the northwest by a
steep valley wall that rises to an elevation of 1300 feet
within less than a mile. Thé lower terrace comprises a
relatively narrow strip of land that is bounded by the Ohio
River; the Ohio River pool elevation in this area ranges
from 620 to 624 feet above mean sea level and, as a result
of the Hannibal lock and dam, tends to remain fairly con-

stant throughout high— and low=flow periods.

Water Resources

The Oﬁio River represents ﬁhe main body of surface
water in the area and, with respect to volume, constitutes
an almost unlihited supply. The quality of water from the
Ohio River is suitable for many industrial uses; however,
owing to suspended sediments and the possible presence of
undesirable chemical constituents resulting from upstream

operations, some treatment is usuélly required prior to use.

In the Buck Hill Bottom area, grouyndwater constitutes
a main source for process- and drinking-water supplies.
The most important water-bearing unit is the water-table

aguifer, which is comprised of the sand and gravel alluvial

"
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materials of the Ohio River Valley. Relatively high yields
can be obtained from wells penetrating these sediments, and
natural groundwater quality is generally good with total
dissolved solids concentrations of 500 mg/l or less;
locally, water may be hard and sulfurous (Price, and others,

1956).

At the present time, a total of about 6 million gallons
of water is pumped daily (Dames & Moore, 1977) from the
alluvial aquifer via the two Ranney wells, Because these
withdrawals greatly exceed precipitation recharge, pumping
has induced river recharge of the aquifer, Consequently,
the quality of water derived from pumping wells is closely
related to river water quality, and is thus susceptible.to
numerous upstream sources of contamination. Owing to this
condition, treatment of groundwater used for sanitary water

supplies may be necessary.

The Paleozoic bedrock units, which underlie the sand
and gravel agquifer, are also caéable of producing ground-
water. However, because well yields are generally low and
water guality is often poor (i.e., minerélized), these units
have not been extensively developed as a groundwater supply

in the immediate study area.
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SITE INVESTIGATION

Drilling and Soil-Sampling Prcgram

During December, 1983, Geraghty & Miller, Inc.., con-
ducted a drilling program at the Ormet Corporation plant
site. The main objectives of‘the program were to ccllect
geologic data and establish a system of monitor we_ls to
facilitate the collection of water-level and water-guality
data. A total of 20 boreholes were drilled, 19 of which
were equipped with 2-inch-diameter monitor well assemolies.
Efforts were made to locate most of these wells in areas
suspected to be hydraulically downgradient from possible
sources of contamination, i.e., sludge disposal ponés and
potliner storage areas. Several wells (MW-19 and M~MwW-20)
were also installed at locations hydraulically upgradient
from the potential source areas, in order to define back-
ground water-quality conditions. New monitor-well locations
(MW-1 through MW-20), old monitor-well locations (TH=0
through TH-19), and other important site features are shown
on Figure 2. Drilling, soil sampling, and monitor-well
installation and development was done by‘Hardin-Huber, Inc.,
of Pasadena, Maryland, under the supervision of a Geragnty &

Miller, Inc., representative.

13
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Figure 2. Location of MW-Series Monitor Wells, TH-Series Monitor Wells, and Other
Important Features at the Ormet Corporation Plant Site, Hannibal, Ohio.
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Boreholes were drilled to depths ranging from 52 to 101
feet using conventional 3-1/2-inch I.D.(nominal 8-inch 0.D.)
hollow-stem augers. All boreholes were installed to bed-
rock, as designated by auger refusal. At all of the boring
locations, drilling was completed without adding any £lyid
to the borehole, so as not to alter the quality of aquifer

fluids. .

Core samples were taken at 5-foot intervals in all
borings using an 18-inch-long, 2-inch-diameter split~spoon
sampling device that was driven ahead of the lead-auger
£light, Prior to collecting each core, the split-spoon

sampler was washed to avoid cross—contamination between soil

~samples. All cores were inspected and described in the

field by a Geraghty & Miller, Inc., representative., Lith-
ologic descriptions of materials encountered during drilling

are presented in Appendix A.

Two Shelby tube samples were collected during the
drilling program, one at the Mw-l14 location (depth 35 to 37
feet), and the other at the MW~-20 location (depth 15 to 17
feet). These samples, which were taken in silty-clay
formation materials, were analyzed by’ Hardin-Kight Asso-
ciates, Inc., for vertical permeabi}ity (Kv) uging the
falling~head permeability testing method. Also, four
cation-exchange analyses were performed on selected core
samples from boring locations MW-12, MW=~-13, MW~14, and

MW-20. Soil testing results are presented in Appendix B.

15
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Monitor=-wWell Installation and Developmaent

With the exception of MW-6, all borehocles were con=
verted to monitor wellg which are used for water-level
measurements énd‘ groundwater sampling. The monitor~well
assemblies, which consist of 2-inch-diameter PVC casing
coupled to bottom sections of‘Z—inch-diameter, 0.010-inch=-
slot, PVC well screen, were inserted through the inner bore
of the hollow=-stem auger flights. After the wells were
inlplace, the augers were pulled allowing the formation
materials to c¢ollapse in around the well screen. After all
of the auger flights were pulled, enough sand was added to
the boreholes to bring the sand péck to a level at least 10
to 15 feet above the top of the well screen, and a bentonite

and/or bentonite and cement plug was installed to prevent

seepage of surface f£luids down the borehole,

The remaining annular space-was then filled with
formation cuttings up to about fiye feet below ground level,
and a cement mixture was installed up to ﬁhe‘;and surfac;.
Protective steel well covers were then placed cver the
monitor wells and seated into the cement. Figure 3 depicts
general monitor-well construction; specific construction
details for each monitor well are also listed at.the end of

their respective well logs presented in Appendix A.

16 .



G-inch-digmeter sieei
proiective cover with locking
lid

Cement
(coprox. 5 fest thick)

8-inch-diameter borehole—

2-inch-diameter, threaded
fush-joint, PVC casing

Fermation cuttings

Bentonite plug { approx. 05
feet thick)

2-inch-diameter, Q.01 ==
inch siot, threaded flush=
joint, PVC well screen

Formation collopse and/or
sand pack

PVC plug

Figure 3. General Monitor Well Construction at the Ormet

Corporation Plant Site, Hannibal, Ohio.
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W;é{. Agggoxuaa;e Dunens%ms

M1 69 69 49 to 69
M=2 86 84 54 to 84
Mw-3 77 76 46 to 76
M4 9 74 54 to 74
MW=-5 9 90 60 to 90
MW=-6 52 No well installed
M7 7% .78 58 to 78
Mw~8 98 98 68 to 98
M-8 101 101 71 to 101
M#=10 - 100 100 70 to 100
M¥-11 95 95 65 to 95
M¥-12 67 67 27 to 67
M+-13 88 87 57 to 87
MA~14 B6 86 46 to 86
M+~15 56 56 36 to 56
MA-16 84 81 46 to 81
M-17 77 76 36 to 76
me-18 59 59 39 to 59
M=-19 64 64 44 to 64
M+-20 65 64 34 to 64
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All monitor wells were cdeveloped using an air com-
pressor eguipped with a 100-foot-long section of 3/4-inch-
diameter plastic hose. Development times ranged from 25 to
105 minutes per well. The volume of fluid removed from each
well varied from less than a few gallons to more than a few
hundred gallons; additional development was also conducted

prior to collecting groundwater samples.

Groundwater Samnling and Analvysis

Two sets of groundwater samples were collected from
monitor wells MW=1 through MW~20 for the purpose of water-
quality analyses. Sampling was conducted during December
28, 29, and 30, 1983, and February 1, 2, 3, and 4, 1984._ A
complete round of water-level measurements were collected
before the start of each saﬁpling event; water-level data
are presented in Appendix C-1. Prior to collecting each
sample, approximately three well volumes of groundwater
were evacuated from the well and field analyses for tempera-
ture, pH, and specifié conducti?ity were-cbnducted: results
of f£ield analyses are presented in Appendix D-1. Samples
were then ccllected in one gallon polfethylene containers
and kept chilled to a temperature at least as low as the

ambient groundwater temperature.

18
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filtering was performed using 0.45 micron membrane filters.

or the initial set of samples, all

However, owing to the consistency of aquifer Ffluids at
several locations (MW=2, MW=5, MHW=-8, MW-11, MW-16, and
Mw-18), it was decided that 'more porous, fiberglass pre-
filters would be used to remove suspended materials from the
second set of samples collected at these wells; other

second-set samples were filtered as before.

Non-filtered/non-£fixed, filtered/HN03-fixed, - and
filtered/H2504-fixed sample fractions were prepared from
the first set of groundwater sampies. Second-set samples
also included a filtered/NaOH-fixéd fraction in an effort to
preserve fluid constituents that precipitated under lowered

pH conditions.

Water quality analyses were performed both by the Ormet
Corporation laboratory and by Martel Laboratory Services,
Inc., of Baltimore, Maryland. The pa;ameters analyzed
by each labk and the results of chemical analyses are pre-

sented in Appendix D-2.

19
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SITE HYDROCGEQLOGY CONDITIONS

Geology

The Ormet piant site is immediately underlain by
unconsolidated deposits of sand, silt, silty to sandy clay,
and pebbles, which rest unconformably upon a bedrock base.
The approximate elevation and_beneral configuration of the
bedrock surface is depicted by the structure-contour magp

presented in Figure 4; bedrock elevation data is presented

"in Appendix E.

Throughout upper portions of the plant {(away from.the
river), unconsolidated sediments consist predominantly of
sand and pebbles, which are fairly continuous down to
bedrock; depths to bedrock ranged from 50 to 100 feet. 1In
lower plant areas (near the river) sand is generally over-
lain by silty to clayey floodplaip deposits that form a
wedge which thickens toward the Ohio River. Figures S
through 10 depict general geologic trends beneath the Ormet
site. Precise descriptions of lithologies encountered

during drilling are presented in Appendix A.

Coarser so0il materials (i.e., sand and pebbles) appear
to be composed primarily of quartz and lesser amounts of

feldspgr nirerals, as determined by wvisual inspection; thin

20
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layers of peat-type wmaterial are alsoc common throughout
these sediments. No laboratory tests Qere conducted to
determine the mineralogy ©f finer scil fractions (i.e.,
clays and silts); however, the low-cation exchange capaci-
ties, 10 milliequivalents/100 grams or less, determined for
clay~-rich samples suggest t?at kaolinite [A1251205(0H)4]
may be an important component (Garrels and Crist, 1965).
Results of cation exchange analyses are included in Appen-

dix B.

-

As noted in the preceding section, most of the sand and
gravel materials comprising Buck Hill Bottom are thought to
repreéent'outwash that aggraded the Ohio River Valley
during retreat of Pleistocene glaciers. Accumulations of
finer sediments in_areas adjacent to the Ohio River probably
largely répresent £floodplain deposits remnant from more

elevated river regimens.

28
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Aguifer Characteristics and Groundwater Flow

Two types of water-bearing zones are present beneath
the Ormet plant site: 1) discontinuous zones of perched
groundwater, and 2) the Ohio River Valley water—-table
aguifer, Perched zones represent unconfined groundwater
that is separated from the ?ater table by an unsaturatéd
zone, These zones were mostly encountered at shallow depths
(20 feet or less) beneath the main plant facility, and are
believed to, at 1ea§t~in part, result from storm drain

leakage.

. With the exception of MW-6 and MW-10 locations, perched
zones appear to be very limited vgrtically, and may not
actually represent a saturated condition, i.e., ﬁater may
simply be enroute to the water table. The locations and
depths of observed perched-water zones are indicated in

Appendix A and on Figures 6 through 10,

The Ohio River Valley water-table aquifer is comprised
primarily of sand and pebbles, and constitutes the main
watcrgﬁoaring unit in the area. The aguifer has been
eztcniﬁyely developed within Buck Hill Bottom, and is
prescntiy yielding about six million gallons of water daily,
most of which is being pumped from two Ranney wells (see

Figure 1),

29
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Data obtained from an agquifer-testing program conducted
by Fred Klaer and Associates (1972), indicate that aquifer
sediments typical of the central plant area are charac-
terized bv a coefficient of transmissivity (T) of about
60,000 gpd/£t and a coefficient of permeability (k) of about
1900 gpd/ft2 (or a hydraulic conductivity, K, of about

. .

10”' cm/sec). The coefficient of storage is calculated to

be about 0.19 (dimensicnless).

Using the K value of 10”]

cm/sec, a hydraulic gradient
(I) of 0.008 to 0.009 ft/ft, and an assumed effective
porosity (n} of 0.25 (éimensioaless). it is estimated
that c¢roundwater beneath northeast parts of the plant area
is moving Eowa:d the Ormet Ranney well at a rate (V) of
about 9 to 10 feet per day (about 3300 to 3700 feet perv
year); by eguation V = KI . Based on these flow velocities,
groundwater traveling leneath the storage and disposal
facilities shouldé reach the Ormet Ranney well within about a
year's timo.. Travel times for dissolved groundwater con-

stituents may be (probably are) somewhat slower, depending

upon tﬁi:nct retardation factor for a particular constituent.
s T T e

Plow velocities calculated by Geraghty & Miller,

Inc., are roughly four times faster than flow velocities

30
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calculated by Fred Klaer (1972). This difference results’
from omission of the effective porosity factor in Fred
Klaer's calculations; it is believed that faster estimated
flow rates probably more accurately reflect actual con-

ditions.

Prior to development of the aquifer (before 1956), the
water table probably sloped from north to south with ground-
water flowing toward and discharging into the Ohio River.
Pumping from Ranney wells has caused the water t;ble to drop
below the level of the river. As a result, water is now
being pulled from the river into the aguifer, and is flowing
in the direction of pumping centers (i.e., toward Ranney and

interceptor wells).

The inferred water—-table contour maps presented in

Figures 11 and 12 generally depict how'past and present

punping has affected groundwater flow patterns beneath Buck
Hill Bottom. As can be partly seen, groundwater withdrawals
have cﬁggtod two largo'cones of influence which converge to

form ”@igntly rounded crest, or drainage divide, that is

situatiélroughly parallel to Ormet's west property boundary.
Water—level data used tc construct these maps are presented

in Appendix C.
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Figures 11 and 12 also reflect conditions hefore and
after c¢losing of the Hannibal Lock and Dam in 1973, which
caused roughly a 20~foot rise in river-pool elevation.
Aside from an overall rise in groundwater levels (more
than 10 feet in: the area 'of the disposal poﬁds and more
than 5 feet in the vicinity of Ormet's Ranney well) the rise
in river-pcol elevation does not appear to have greatly
changed the configuration of the water-table agquifer under
pumping conditions. Damming the river probably has caused
an increase in silt accumulation along the QOttom, which
some authors suggest may be reducing the capacity for river

recharge of the water—table aquifer. Although silting

" may cause ‘some reduction in the permeability of subjacent

deposits, the overall increase in saturated aquifer thick-
ness suggests that increased hydraulic heads (from the
rising river) have more than compensated for any such
reductions; and the water—~table aquifer appears to be
potentially more productive as a result of increasing the
river pool elevation, barring-overall decreases in aquifer

permeability.

2o the northwest of disposal pond No. 5 {near TH-10
and, particularly, near TE-11), relatively little change in
water-table elevation appears to have resulted from raising

the river pool. This is probably because these wells are
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situated more toward the valley wall, where rising bedrock
deposits (Figure 4) support a water table that, although
hydraulically connected %to the main aquifer body, is con-
siderably less susceptible to pumping (drawdoﬁn) stresses;
i.e., this portion of the water-table aquifer is sustained
primarily by precipitation recharge which, given the agui-
fer's limited capacity to transmit water vertically and
laterally, is sufficiently plentiful to maintain a rela-
tively elevated body of groundwater. Owing to this con-
dition, wells TH-10, THE-11, and MW-18, draw féom a portion
of the water-table aquifef that r?ceivcs recharge emanating
primarily from the north; And, these monitor wells appear
tc be situated hydraulically upgradient from-all of the

disposal ponds.

It is, therefore, reasonable to assume that groundwater-
quality alterations that may be observed at these locations
are probably mainly attributable to past potliner storage
practices, barring the presencerof heretofor; unidentified
source areas. Although somewhat less certain, current

Jifter flow patterns further suggest that monitor wells

MW-2, MW-16, and possibly other wells, may also be situated
in areas that receive recharge emanating primarily from the

north.
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It is important to note that 1972 water-level data
(Figure 11) imply a considerable degree of fluid mounding
beneath the No. 5 disposal pond; whereas, 1984 data {Figure
12) do not indicate the presence of a discernible mound.
This change probably mainly reflects retirement of the No. 5
pond in 1981, when the cryolite recovery plant was closed

and sludge disposal practices were discohtinued.

Under present pumping conditions, the water-table
aquifer is receiving recharge both from the Ohio River and
from infiltrating precipitation; relatively minor amounts of
recharge may also issue f£rom inactive disposal ponds.
Based on estimates by Fred Klaer and Associates (1972),
90 percent or more of the 6 mgd being pumped from the
alluvial aquifer is probably derived through induced re-
charge from the Ohio River, As a result, there does not
appear to be any natural discharge of groundwater into the

Ohio River along most of the river/plant boundary.
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GROUNDWATER QUALITY

Past Cause-and=-Effect Relationships

starting in 1958, when the Ormet plant began operation,
spent cathode material (i.e., potliner) was accumulated in
gseveral areas to the northeast of the plant site, and

1

surface impoundment facilities (ponds No. 1 through §)

were used for the disposal of wet scrubber sludges (see

Figure 2 for locations). In general, potliner wastes con-
sist of carbon-based material with impurities® which, upon
weathering, produce an alkaline leachate containing para-
meters such as fluoride, cyanide, sodium, and ammonia; and
scrubber sludge conéisted mainly of calcium-based sal;s

including Caso4,

Can, and Ca(OH)zo ags well as NasAlFG.

In August 1968, Ormet started operating a cryolite
recovery plant, and the (then active) No. 5 disposal pond
began to receive very alkaline sludge consisting of sodium-

based salts including NaF, Nazso r Na2C03' NaSAlFG' and

2’ as well as Ca(OH)2 and CaCO3: this material was
placeéfon top of the older calcium-pased compounds. Based

NaAlo

on avzilable dati, it appears likely that this change in

the disposél process was largely responsible for changes
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in Ranney well water guality that became apparent in July
1971; i.e., the well began to produce alkaline, discolored

water.

The deteriorated quality of water produced from the
Ranney well prompted a site hydrogeologicrstudy by Fred
Klaer and Associates (during 1972), which involved the
installation of some 20 monitor wells (TH-series) to assess
water-gquality conditions and groundwater flow patterns (see
Figure 2 for well locations). ggggitant data iqdica;gﬁ that

— e

fluid was mounded beneath the No. 5 disposal pond and

éroundwater was being pulled from storage and disposal. areas

toward the- Ormet Ranney well (Figure 11). Data also indi-
cated that virtually all of the wells located in the vicin-
ity of, and hydraulically downgradient from the No. 5
disposal pond (i.e., TH~3, TH~5 through THE-9, TH-14A, and
8-Inch) showed substantial degrees of water—-quality degra-
dation by parameters that appeared to be closely related to
pond effluehts; the cquality of water sampled at the TH-10

and TB~11 locations did not show an appfeciable degree of

~alteration at this time (see Appendix D-3 for water-quality

data 2f0m TH~series wells). As an interim solution, two

interceptor wells were eventually installed (12/72) several
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hundred feet north of the Ranney well to intercept the plume
of discolored groundwater before it reached this punping

center.

In 1976, Ormet began to neutralize sludge from the
cryolite recovery plant prior to discharge into the No. 5
disposal pond. This process phange appears to have signi-
ficantly reduced water-quality impacts resulting from pond
seepage; as evidenced by a supplemental study conducted by
Dames and Moore (1977 to 1978), which demonstrated a. con-
siderable improvement in the quality of groundwater sampled
from wells that still existed in the vicinity of the No. 5
disposal pond. However, groundwater sampled at the TE~10
and TH-11 locations may have become slightly more affected
than it was in 1972, Comparisons of 1372 and 1978 water-

quality data are presented in Table 1,

In October 1981, the cryolite recovery plant was shut
down and sludge disposal practiceg were discontinued.

Shortly before this time, a plant clean up effort was also

initiated, whereby, spent cathode and other debris accumu-~

lated in the potliner storage areas were hauled away; how-

B

ever, it is likely that equipment used in the c¢clean up

effort broke and crushed some gquantity of potliner material,
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TABLE 1..
COMPARISONS OF WATER-QUALITY DATA COLLECTED FROM TH-SERIES

MONITOR ’ __th THE ORMET CORPORATION PLANT SITE, HANNIBAL, OHIO
] ' DISSOLVED
ENWLE GALLONS CASING FLUORIDE S0L1G IMRESS TRANSMHI'TI'TANCE OILORIDE CYMHIDL®  AFMEAIA
LOCATICH DATE - pEED  VOLLME {my/1) _{m/1) __ (m/1) (%) EH {m/1) mg/1)  (mg/1)
#* weld 1972 Range — - 260-1100 - - 0-96 10.1-10.9  2766-4100 —
08-25-78 166.8 6.8 1.8 3,500 65 24 8.8 80 <0.01 0.00
11-09-78 - 12 62,3 2,200 — il 8.7 — 0,02 0.06
el TFY 1972 Ruwe - - 150-460 — - 0-89 9,2-10.1  390-443 — -
08-25-78 .0 8.8 9.9 500 100 91 9.1 29 0.01 0.00
11-09-78 — 12 n.s 600 125 ] 8.9 59 0.0l 0.17
01-#4 — 3 1.5 - — 9% 1.5 - .41 -
02-84 — 3 3.4 — — = 7.4 36 0.16 0,00
vell -1 1972 Range - - 250-364 - — o 9.8-10.0 —_ - -
08-29-78 .0 4.2 34,4 700 40 9 7.9 3 <0.0} 2,10
well T-10 1972 Range - - 0.9-10.0 - - 2-98  7.2-8.% . 128 - -
11-09-78 — 2.4 43.4 1,500 — 0 7.9 -- 0.00 0.00
well T-11 1972 Range - - 1.4-10,1 - - 0-95 6.9-7.9 117-142 - -
08-28-78 18 1 0.6 500 120 15 6.6 51 - 0.49
¥ell =15 1972 Range - - 1.0-2.7 - — 87-99 7.2-8.2 21-32 -- -
12-01-78 198.5 8.3 2.7 — - - 7.3 - - --
01-84 - 3 <1.0 — - 95 7.4 - 0.03 --
02-84 — 3 1.0 -— — — 7.5 43 <0,01 0.00
viell 16 1972 Range - 1.0-1.8 — - 90-99 7.9-6.6 27 — -
11-09-78 4.6 0.7 300 165 100 7.7 30 0.00 1.02
well M-V 1972 Range —_ - 0-0.24 — - 30-99 2.3-7.9 34-30 - -
08-28-76 159.0 5.3 <0.2 500 255 100 2.3 a 0.01 0.00
11-09-78 - 2.05 <0.2 100 260 100 7.3 42 0.00 v.00

3984 Concentrations reflsct total cyanide; 1978 concentrations may represent free cyanide,
Hotes 1972 data collected during Fred Klace and Associates study; 1978 data collected during Dames & Hoore study; 1984 data collected
durlny Geraghty & Hiller, Inc., study. All chomical analyses were pecforand by the Ormet Corporation laboratory.
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which probably remains within the upper few feet of soil
beneath this area. One could reasonably speculate that such
a change in the consistency ©¢f potliner wastes should make
this material more susceptible to ieaching; i.e., crushing
increases specific surface area, which, for a given volume
of material, exposes relatively greater gquantities of

soluble components.

in March 1982, a third interceptor well was also in-
stalled adjacent to the southwest corner of the No. 5 dis-
posal pond in an effort to collect degradod groundwater
before it migrates toward the Ormet Ranney well. This
well is currently pumped at several hundred gallons per
minute, which is discharged toc the No. 5 disposal pond
overflow. Fluid pumped from the well is alkaline, tea to
coffee colored, and contains fluoride and cyanide. Averaged
water-qualicy data (1982 to 1983)_fo: the new intercepter
well, the old intercepter wells (collectively regarded as
one well), and the Ormet Ranney well are presented in

Appendix D-4.

In the time since the Ormet Ranney well was installed,
a gradual decrease in well yield has become apparent.
Initially, this may have been largely due to carbonate in-

crustation or siltation; however, recent decreases (since
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discolored water began entering the well) are largely
attributed to varying degress of incrustation by dark,
medium to hard material, which has been observed in well
laterals 5 through 8 (Ranney Company, 1982). Decreases in
0ld interceptor well yields have also occurred, and are
attributed to similar causes. One possible explanation for
the apparent increase in well screen incrustation is that,
upon reaching the pumping center, mixing of high pE plume
fluids with relatively unaffected groundwater probably
results in a net lowering of pH. This pH reduction may
cause certain plume constituents (e.g., silié;, aluminum,
organic carbon) to become less soluble which, in turn,
results in precipitation (incrustation) at the well screen
and within adjacent sediments; a more detailed discussion
of this phenomenon is presented in future sections. In
addition, certain dissolved constituents within unaffected
groundwater (e.g., calcium), which become less soluble

under higher pBE conditions, may also precipitate as a result

of £luid mixing.

ical analyses of recently collected (1983-1984)
groundwater samples suggest that former potliner storage

areas and sludge disposal ponds (particularly Pond No. 5)

42
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both continue to contribute inorganic constituents to the
water-table aquifer system. However, compared to 1972
groundwater conditions, there appear to have been signifi-
cant reductions in water-quality alterations ‘resulting from
disposal pond seepage, and apparent increases in water-
guality changes by potliner-rglated effluents. Results of
recent {1983-1984) and past (1972) chemical analyses are

presented in Appendices D-2 and D-3, respectively.

The most reliable parameters for ascertaining the
presence of potliner and/or disposal pond effluents pri-
marily include fluoride, cyanide, éodium, and elevated
pH; and to a lesser extent, chloride, bicarbonate, car-
bonate, sulfate, iron, aluminum, and probably ammonia.
Elevated concentrations of silica and total organic carbon
(TOC), and reduced light transmittance are also generally
characteristic of relatively affected groundwater; high-pR
conditions increase the solubility (and concentrations) of
silica androrganic carbon speéies (derived from natural
aguifer matrix materials), which, in'dissolvod and/or

wl forms, are believed to cause discoloration that

for silica and TOC are presented in Figures 13 and 14,

respectively, As can be seen, there is a strong positive
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Silica Concentration Versus pH Trends, Ormet
Corporation, Hannibal, Ohio.
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correlation between high gH and increasing concentrations of

these parameters.

Monitor wells MWw=-2, MW-5, MW=§, MW=-11, MW-16, and MW-18
are most noticeably affected by the presence of extraneous
groundwater constituents. Other wells, MW-9, MW-~10, Mw=13,
MWw=-14, MW=-15, MW=-17, and TB-3 also exhibit one or more
water-quality traits indicative of potliner'and/or disposal
pond-related effluents, although these wells show little or
no water discoloration, and concentrations of observed

seepage indicator parameters are relatively low.

Because the 1eachaté generated within potliner storage
areas, and the sludge placed into the No. 5 disposal pond
(between 1968 and 1%76) appear to be characterized by
very similar chemical gualities, it would be difficult to
validly credit groundwater gquality impacts to either prac-
tice, based solely on the chemical makeup of effluents.
However, groundwater flow patterns inferred from past and
recent water-level data (Figures 11 and. 12) indicate that
deteriorated water cuality observed in monitor wells TH-10,
TH-11, MwWw~18, and possibly Mw-2, MW-16, and other monitor
wells has resulted primarily from leachate generation within
the potliner storage areas, whereas, past and/or present

water-gquality alterations in wells TH-3 through TH-9,
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8-Inch, MW-12, Mw-13, MW-14, and possibly other wells are
mainly the result of sludge disposal practices. Discolored
water and high pH previously observed in some of the TH-
series wells are believed to be mostly related to practices
conducted between 1968 and 1376, when the No. 5 disposal
pond received alkaline, non-r}eutralized sludge (pH 10 to

11},

Although adequate data are not currently available,
it may be possible to more conclusively attribute observed
water-quality trends to either practice, based on ground-
water temperature trends. As can b‘e seen on Figure 12,
much of the groundwater passing beneath disposal pond
facilities appears to originate as induced river rechafge,
whereas, groundwater moving beneath the potliner storage
areas is probably replenished mestly by precipitation
recharge. Because surface-water bodies (in this region)
undergo a considerable degree of seasonal temperature
variation, it follows that portions of an aquifer receiving
recharge from these bodies should also experience seasonal
fluctuations in groundwater temperatures; although some lag
period is expected and temperature differences will prob-
ably bhe somewhat less extreme. However, shallow aquifers

being recharged primarily by precipitation tend to exhibit
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relatively consistent groundwater temperatures throughout
the year, which are generally fairly closely approximated by
the average annual air temperature, roughly 53°F (12°C), in
this area. Conseguently, long-term (at least one year)
monitoring of groundwater temperature trends may represent
an additional means by which‘contaminant/source-area rela-

tionships c¢an be more accurately defined.

The inferred plume boundary map presented in Figure
15 depicts the approximate extent and general migration
of leachate plumes berieath the Ormet plant site. These
gelineations are mainly based on the water-quality data
presented in Appendix D-2, and on groundwater flow patterns
indicatéd in Figure 12. Some boundaries, particularly
those shown by a dotted line, have also been surmised based
on the expected remnants of past water-quality conditions,

as represented in Appendix D-3.

As can be seen, Plume Section "A", which contains
relatively high levels of leachate-related effluents,
appears to originate mostly in the vicinity of former
potliner storage areas; whereas, Plume Section "B", which is
characterized by much lower concentrations of leachate
indicators, seems to be more closely related to the Neo. 5

{and possibly other) discosal ponds. Plume Section "C",
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Figure 15. Inferred Leachate-Plume Boundary Map, Ormet Corporation, Hannibal, Ohio.
(Based on 02/84 water-quality data)
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located beneath the western portion of the plant site, also
contains fairl} low levels of leachate indicator parameters,
and is believed to be a result of interrupted pumping at the
Ormet Ranney well, which may have allowed intermittent

shifting of leachate plumes (A and/or B} to the west.

A more detailed (and mdre speculative) assessment of
Plume "A" conditions is presented in Figures 16 through 15.
Based on these interpretations, it appears that levels of
primary leachate indicators (i.e., pH, F, CN, and Na)} are
highest in the vicinity of former potliner storage areas,
and become reduced as the distance from the source in-
creases. It is likely that some quantity of leachate is
continually being generated from this area, and that concen-
tration versus distance trends characterizing these plumes
are probably largely controlled b} groundwater dilution
or other attenuation mechanisms (e.g., sorption and natural
buffering). However, it is also likely that rates of
leachate generation have been periodica{ly increased as a
result of excavation and other disturbances within this area
(such as the cleanup effort in 1981), and concentrated
"slugs® of effluent may have been introduced to the aquifer
system, Cohsequently, plume concentratioﬁ trends could also

reflect fairly recent increases in the rate of leachate
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generation. If this is the case, a relatively concentrated
slug of leachate may be moving cutward from the” former

storage area.

It is interesting to note that Plume "A" effluents
exhibit a strong positive correlation between total cyanide
and total iron concentrationg: i.e., high cyénide corre-
sponds to high iron (see Figure 20). Because iron is rela-
tively insolukle under high pH conditions characteristic
of cconcentrated leaéhate plumes, this trend is believed to
reflect the presence of iron-cyanide complexes'within plume

fluids.

Water-quality trends within Plume Section "B" aré
probably largely a result of effluent seepage from abandcned
disposal ponds (especially pond No. 5), but may also be
influenced by contaminant residues, remnant from past con-
ditions, that have not yet been flushed from the aguifer
system; flushing mediums include induced river recharge anc
infiltrating precipitation. 1In general, (although not con-
sistently) wells situated within thislplume show slightly
elevated p8 (up to pH 8), low tc moderate flucride levels
(<1 to S mg/l), and low concentrations of total cyanide
(<0.5 mg/l). Higher~-than-background levels of sodium also
seem to characterize Plume "B", but this trend is less

consistent,
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Plume Section "C", as stated earlier, is thought to
result from intermittent shifts in groundwater flow con-
ditions. Boundaries indicated for this plume are very
speculative, and water~quality trends are probably less
consistent than those characterizing plumes A and é.
In general, Plume "C" is characterized by relatively low-
level congcentrations of commoﬂ leachate indicator parameters
{i.e., pH, F, CN, and Na}. Other plume conditions, such as
elevated temperature and relatively high conductivity and
TDS values at MW-10 (i.e., high.for the pH obs;rved at this
well), suggest that Plume "C" may also receive fluids
emanating from other soufces; such as leaking storm sewers

or steam-venting facilities.
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SQURCE-RELATED EFFECTS ON GROUNDWATER

Sludge Disposal Area

Water—-quality impacts resulting from sludge disposal
practices appear to have been partially abated by neutra-
lizing sludge prior to discharge (1976), and probably Lbecame
further reduced as a result of discontinued sludge disposal
in 1981, Under present conditions (based on 1983-1984
data), the gquality of groundwater moving beneath the No. 5
disposal pond appears suitable for many processing uses. In
particular, the pH has dropped to a near~neutral range, and
potential problems related to incrustation by silicate and
organic carbon precipitates are probably much less apt to

occur as a result of No., 5 disposal pond effluents.

It is possible (perhaps pfobable) that the guality
of groundwater affected by disposal ponds will continue
to improve with time, barring major changes or disturbances
in sludge bed conditions. However, affected groundwater
probably will not be suitable as a source for drinking water

supplies.in the near future.

FOrM¥™ Potliner Storage Area

Uncer present conditions, the gquality of groundwater

apparently emanating from beneath former potliner storage
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areas is unacceptable for drinking water supplies and is
also potentially damaging to pumping wells and processing
equipment. The latter problems relate mainly to increased
incrustation on well screens and within gravel packs, and
increased scaling on heat exchange equipment. These c¢on-
ditions are believed to be related to elevated concentra-
tions of silica and/or total‘drganic carbon (and possibly
other constituents such as aluminum) within high-pH plume

fluids.

As can be seen on Figures 13 and 14, ther; is a posi-
tive correlation between high pH and elevated concentrations
of silica and TOC. Increased incrustation (precipitation)
is believed to result from decreases in pH (and consequent
reductions in SiO2 and TOC solubility) that occur at
pumping centers when high-pH plume fluids mix with ground-
water having a near-neutral pH. Increased scaling on heat
exchange equipment probably ocecurs for similar reasons, as
well as possible solubility reductions upon increasing the
temperaﬁure,of the fluid. 1In either caée, the end result
could be super-saturation of dissolvgd and/or colloidal

constituents, which causes precipitation and/or aggregation.
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As can be seen on Figure 13, SiO2 versus pH data
for several wells (e.g., MW-18 and MW-2) plot within an area
of the silica solubility range where fairly minor reductions
in pH would result in super=-saturation of dissolved silica;
i.e., points would be shifted to the left of the calculated
solubility curve for amorphous silica (Curve A), which
probably represents the upper limit of saturation for
dissolved silica. Solubility data for organic carbon
species are less precise, but it is believed that similar

trends may also apply.

Future Considerations

At the present time, pumping of Ormet's Ranney and old
interceptor wells appears to be preventing migration of
degraded groundwater beyond the plant boundaries. However,
if yields from these wells continue to decrease over time,

or if pumping, were “tosbe’ inte::upted or:, discontinued off.?

S -1 ) M-m pEE e s e S R g A S T e s S,
m—....._...._ - -P‘- -‘-
site: ng;ation of loaohato“gigggs would be’ likelyi ocouz‘

Therefore, in order to maintain control over leachate pluma
migration using the existing system of wells, it is neces-

sary that pumping be continued at or near current rates.
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ALTERNATIVE REMEDIAL MEASURES

General

The previous section listed some existing and potential
effects that have, or may, occur as a result of effluent
discharges from disposal pond§ an¢ potliner storage areas.
For the most part, thése effects relate to limitations to
which groundwater rescurces beneath the Ormet site can be
utilized, with respect to both process-water and sanitary-
water supplies. In addition, a potential also exists for
migration of leachkate plumes beyond Ormet's site boundaries.
Consequently, éonsiderations of possible remedial measures
to abate potential and existing groundwater impacts should
focus on two basic objectives: 1) controlling migration of
leachate plumes within the aqﬁifer system and 2) improving
agquifer conditions beneath the Ormet plant site. Possible
means by which these objectives could be accomplished are

discussed in the following sections.

Controlling Leachate Plume Migration

Under present conditions, pumping 6f Ranney anéd inter-
ceptor wells within Buck Hill Bottom has created two large

cones of influence which converge to form a gently rounded
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crest, or drainage divide, that appears to be situated
roughly parallel to Crmet's west property boundary {(see
Figure 12)., This divide acts as a hydraulic barrier to
lateral groundwater flow and is eésential in preventing
westward migration of leachate plumes. Consequently,
in order to control plume migration to the west, it is
necessary that the drainagé divide be maintained at or
near its current position. This may become increasingly
more difficult if incrustation at Ormet's Ranney and old
interceptor wells continues to decrease pumpage; i.e., as
pumpage at the Ormet wells decreases, the resultant cone of
influence, and'the ability to control plume migration, will

also decrease.

Owing to this potential, it is recommended that Ormet
monitor water-level and water-gquality conditions beneath
western plant areas so as to provide early warning of any
changes in the position of the drainage divide. If monitor-

ing results begin to indicate that the divide is shifting

e . . )
‘eagtward, it may be in Ormet's best interest to establish

additional facilities that c¢ould be used to maintain (or

perhaps even increase) the integrity of the drainage divide.

£2
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The most feasible alternatives for accomplishing this
objective include rémoval and/or injection of water.
Removal would basically involve installing additional
pumping wells that could be operated to maintain necessary
drawdowns beneath the Ormet site. These wells should be
located in the vicinity of (perhaps north of) the Ranney and
old interceptor wells so as to compound the drawdown effects
(i.e., overlap cones of influence) from existing and
new pumping facilities. The volume of groundwater that
would have to be produced {(and tﬁe number of wells needed)
probably depends largely on the extent of decrease in Ranney
and old interceptor weli production, A potential disad-
vantage of the pumping well alternative is that the satur~
ated thickness of the aguifer beneath this area of the plant
ranges from only 20 to 30 feet, which limits the yield that
can be obtained from a single well. This could necessitate
the installation of a greater number of wells (at a greater
expense} in order to create the drawdowns needed to control
plume migrations. Alsc, it is likely th;t, over time, new
pumping wells may also experience incrustation problems and

may have to be serviced on a fairly regular basis.

The second alternative of injecting water into the

agquifer would involve instaliing several wells (probably
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at least three} in a line roughly parallel to the existing
drainage divide., These wells could then be used to inject
the volumes of water needed to maintain a hydraulically
high zone beneath Ormet's west plant boundary. Unlike
pumping facilities, the injection wells would not be sus-
ceptible to problems relating to incrustation and/or limited
aquifer thickness. However, for the injection systems to
operate efficiently over the long term, it is necessary that
injected water be virtually free of suspended sediments,
which would eventually c¢log the Qell screen and adjacent
aquifer deposits. If clean groundwater were used, suspended
sediments probably would not pose a problem. However, if
river water represents the only feasible socurce, treatment
would have to be performed, and the resultant increase in
costs could become a discouraging factor. In addition, it
may be necessary to obtain injection well permits in order

to legally operate this type of system.

It should be noted that other physical-type barriers,
such as slurry walls and sheet pilings, can also be used to
block plume migrations. However, depths to bedrock (+100
feet) and the presence of buried cables and pipes beneath
this area of the Ormet plant diminish the technical and
economic feasibility of implementing these types of control

systems.
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Improving Ormet's Groundwater Conditions

Alternatives for accelerating the improvement of aguifer
conditions basically fall into one of twe categories,
namely: aquifer management and source-area management. In
general, aquifer management strategies focus on alleviating
or controlling adverse conditions that already exist within
the groundwater system, whereas, source-area management
practices are aimed more at reducing or preventing further
degradation of the system. Some of the more common methods
that can be used in these management programs are listed.in

Table 2.

A reasonable initial goal for improving aquifér
conditions beneath the Ormet‘plant site would be to re-
store groundwater quality to a level acceptable for pro-
cessing uses. Under present conditions, it appears that
groundwater_moving beneath the No. 5 disposal pond {(and
probably other disposal ponds) may already be approaching
this level of quality; and it is‘possible (perhaps probable)
that, over time, the gquality of groundwater beneath this
area will become more improved as so;lee and/or reactive
sludge components become depleted. It is, therefore, prob-
ably in Ormet's best interest to continue groundwater

monitoring at selected locations around the disposal ponds,
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TABLE 2.
COMMON ALTERNATIVES FOR ACCELERATING IMPROVEMERT
QOF AQUIFER COKDITICNS

Aquifer Management Source-Area Management
Alternatives Alternatives
. Removal of contaminants ' . Removal of contaminant
via pumping wells, source materials via
collection drains, or ‘ excavation or pumping
ditches
. Containment of con- . Reduction of leachate
aminants via physical ' generation via
and/or hydraulic grading or capping
barriers |
. In-situ stabilization . Encapsulation of
{neutralization) of source materials and
contaminants via effluents via
chemical and/or physical barriers
biological treatment
« Stablization of
source materials
via chemical and/or
biolegical treatment
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because long-term water guality trends (collected over at
least 2 one-year period) could indicate stable or improving
conditions that may not warrant implementation of high-cost

remedial actions.

Groundwater that appears‘to be moving beneath former
potliner storage areas exhibits water-guality conditions
that can promote incrustation of pumps and well screens, and
increased scaling within pipes and heat exchanges equipment.
Consequently, accelerating improvement of potliner-related
groundwater conditions may be desirable, in that, it could
help to reduce Ormet's dependency on ocutside water sources;
and may also help to increase the reliability of pumping-
type remedial measures that may be used to maintain hy-

draulic barriers beneath western plant areas,

A first step toward accomplishing this objective
would be to complete the removal of any remaining piles or
accumulations of potliner material, and establish a grade
that prevehts pooling of surface water in former'potliner
storage areas. The next logical step ﬁould be to continue
groundwater monitoring{for at least a year or more) at
selected locations to assess the effectiveness of source-

area management efforts. If water-guality trends indicate
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that conditions arg beginning to show a progressive improve-
ment, i1t may only be necessary to restore vegetation to
this area in order to prevent erosion. If water-gquality
trends show no change or indicate worsening conditions, it
may be necessary to consider additional remedial measures

for reducing leachate generation.

Ormet is currently implementing an aquifer management
alternative, in that, pumping of their Ranney and inter-
ceptor wells serves to remove leach&te plumes already
present within the aquifer system, and controls migration of
these plumes beyond Ormet's property boundaries. In the
event that a more intensive aquifer management is needed,
such as additional wells to control plume movements beneath
western plant areas, a further investigation of aquifer
hyudraulic properties is suggested in order to determine
the most effective methodologies for accomplishing the

established agquifer management objectives.
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CLOSING COMMENTS

Data derived through the recent and past investigations

conducted at the Ormet site provide a good base for ex-

plaining existing hydrogeologic conditions, and will be

useful in interpreting the cause(s) and significance of

water-quality changes that may occur in the future. Of

particular importance, findings from the recent study

suggest that:

Impacts to Ormet's process-water supplies are mostly
pH~related

Adverse water-quality effects from sludge disposal
ponds have declined in recent time, and current
groundwater alterations may be largely related to
former potliner storage areas

Plumes of degraded groundwater appear to be con-
tained within Ormet's site boundaries as a result of
pumping from Ranney and interceptor wells

Disturbances to storage and/or disposal areas (e.g.
grading or excavation}) could cause short-term in-
creases in the rates of leachate generation

Potliner-related and sludge disposal-related effects
on groundwater guality can be distinguished based
on groundwater flow patterns and water temperature
trends )

Existing and potential groundwater quality impair-
ment can probably be abated through a combination

of sScurce-area manacgement and agquifer-management
practices.
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Through c¢ontinued groundwater monitoring, it is an-
ticipated that the accuracy and overall significance of
these findings will become better defined. Continued
collection of water-level and wa;er-quality data should
also provide for a more comprehensive understanding of
conditions occurring withi? the water-table aquifer.
This is an important requirement for selecting and imple-
menting effective remedial measures to achieve established

groundwater management objectives.
Respectfully submitted,

GERAGHTY & MILLER, INC.

(Lo /-

Cleason P. Smith, C.P.G. (Virginia)
Staff Scientist

J f 3 . Sgam W C P G.
Associate
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APPENDIX A

LITHOLOGIC DESCRIPTIONS AND MONITOR WELL
CONSTRUCTION DETAILS FROM THE DECEMBER 1983
DRILLING/WELL INSTALLATION PROGRAM AT THE
ORMET CORPORATION PLANT SITE
HANNIBAL, OHIO
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Note: Material referred to as rock fragments
probably mainly represents broken or
weathered pebbles
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Sample Depth
Interval

ffe)

WELL MW-1

(installed 11/28/83)

Blow
Count

Description

0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

40.0

45.0

1.5
6.5

11.5

16.5

21.5

26.5

31.5

36.5

41.s5

46.5

grab

7-6-5

5-6-6

10-12-15

5-6-15

10-23-32

7=-11-12

6~12-17

8-10-12

7-8-13

"Pebbles, sand, and silt,

black to dark brown color:
probably represents £fill

Pebbles, sand, silt, and
clay, dark brown c¢color;
probably represents fill

Pebbles, rock fragments,
sand, and silt, brown color

Pebbles and medium sand,
minor black (peat type)
material, grey to green
color; probably natural

Sand, medium, with minor
rock fragments, grey Lo
green color

Sand, medium, with pebbles,
rock fragments, and several
thin layers of black (peat
type) material, grey to

-green color

74

Sand, medium, with black
(peat type) layers, and
pebbles, grey to green
color

some
coler

Sand, medium, with
pebbles, grey to green

Sand, medium, with
pebbles, grey to green

some
celor

Sand, fine to medium, with
pebbles and minor amounts of
silt, grey to green color
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WELL MWw-1 (Cont)
(installed 11/28/83)

Sample Depth Blow

t) Count Description

Interval (f
50.0 - 51.5§
§5.0 - 56.5
60.0 - 68l1.5
65.0 - 66.0
66-0 - 69-0

10-13-15 Sand, medium, with pebbles,
brown to tan color

10-13-11 Sand, medium to coarse, with
pebbles and silt, rust brown
color; hit water at about
54.5 feek

8-6-8 Sand, medium to coarse, with
pebbles and silt, rust brown
color

dropped sand, fine to médium, with

rods-26 some pebbles, rust brown
color

- Bedrock at about 67 feet:

auger refusal at about 69
feet; bedrock appears to
consist mostly of grey shale
and/or mudstone

Borehole depth: 69 feet
Well depth: . .
Screened interval: 69 to 49 feet

Well construction: 49 feet of 2-inch-diameter PVC casing

Comments:

| e rm— aw . =

69 feet

over 20 feet of 2-inch-diameter, 0.010-
inch slot PVC screen; about 2 feet of
PVC stick up
Cave-in to about 45 feet; sand pack to about 35
feet; 0.5 feet of bentonite on top of sand:
formation cuttings to about S feet; cement up to
ground level; protective cover installed
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WELL MW=2
(installed 11/29/83)

(

C
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Sample Depth Blow
Interval (ft) count Description
0.0 - 1.5 grab Cinder-type material, sand,
and a few rock fragments,
black color; probably repre-
sents f£ill
5.0 = 6.5 - No sample attempted to avoid
potential damage to buried
pipes
10.0 - 11.5 §-3-3 No recovery
15.0 - 16.5 8~-10-16 Rock fragments, sand, and
silt, brown to green color;
maybe natural
20.0 = 21.5 5~-5=8 Sand, fine to medium, with
pebbles and several thin
layers of dark (peat type)
material, brown color; hit
perched water at about 20
feet
25.0 - 26.5 6~7-8 Pebbles, rock fragments,
. sand, and silt, brown to
green color
30.0 - 31.5 9-50/1" Rock fragments, pebbles,
' sand, and minor silt and
dark (peat type) material,
brown to tan color
35.0 - 36.5 6-5~13 Rock fragments, pebbles,
sand, and minor silt and
dark (peat type) material,
brown color
40.0 - 41.5 7-9-10 sand, medium, and pebbles,
with minor rock fragments,
brown color
45.0 - 46.5 11-21=29 sand, medium, and pebbles

and rock fragments, with
minor dark (coal type)
material, brown to green
color
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WELL MW-2 (Cont)
{installed 11/29/83)

Sample Depth Blow
Interval (ft) Count Description

50.0 - 51.5 28-29-27 Sand, medium, and rock frag-
ments and pebbles, brown to
tan color

55.0 - 56.5 22-24-27 Sand, medium, and pebbles,
brown to tan color

60.0 - 61.5 15=27=-21 Pebbles, medium to coarse
sand, and some rock frag-

ments, brown color; hit water

at about 57.5 feet

65.0 -~ 66.5 - Sand, medium to coarse, and
small pebbles, brown color;
sample taken from auger
run-up ’

70.0 - 71.5 21-27-26 Sand, medium to coarse, with
small pebbles, brown color

75.0 - 76.5 26~17=20 Sand, medium to c¢oarse, and
small pebbles, with minor
silt, brown color

80.0 - 81.5 26-28-17 Sand, medium to coarse,
‘changing to predominantly
rock fragments at base of
sample, brown color

85.0 - 86.0 16=-51/3" No recovery; split spoon
broke off and was left in
bottom of hole

86.0 - Bedrock ana auger refusal
at about 86 feet

Borehole depth: 86 feet
Well depth: 84 feet
Sceened interval: 84 to 54 feet
Well construction: 54 feet of 2~-inch-diameter PVC casing
' over 30 feet of 2-inch-diameter, 0.010-
inch=-slot PVC screen; about 2 feet of
PVC stick=-up '
Comments: Cave-in to about 48 feet; sand pack to about 39
feet; 0.5 feet of bentonite on top of sand; for-
mation cuttings to about 5 feet; cement up to
ground level; protective cover installecd
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sample Depth
Interval (ft)

WELL MW-3
(installed 11/29/83 to 11/30/83)

Blow
Count

Description

0.0

10.0

15.0

20.0

25.0

30.0

35.0

40.0

45.0

1.5

6.5

1l.5

16.5

21.5

26.5

31.5

36.5

41.5

46.5

grab

3-5-86

1-2-3

2=-3=6
2-3-2
3=-3-6

WOR=-1

WOR-WOH=-1
WOR=3~4

WOR=-2-4

Pebbles, sand, and silt,
brown c¢olor; probably repre-
sents fill '

Clay with silt, minor sand,
and a few pebbles, brown to
,dark brown color; probably
natural

Clay with silt, minor sand,
and a few small pieces of
cinder-type material, brown
color; probably natural

Clay with silé, mottled
brown to rust brown color

Clay with silt, soft angd
plastic, brown color

Clay with silt, very soft
and plastic, brown color

Silt with clay, minor amounts

.0f very fine sand, very soft
and plastic, brown ceclor;
probably hit water at about
3] feet

Silt and very fine sand,
with minor clay, very soft,
brown color

§ilt and very fine sand,
with minor clay, very soft,
brown color

Silt and very fine sand,
oozy soft, brown color
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WELL MwW=-3 (Cont)
{installed T1/29/83 to 11/30/83)

sample Depth Blow
Interval (£ft) Count Description

50.0 - 51.5 14-21-14 Pebbles and medium to coarse
sand, brown color

55.0 - 56.5 18-17-18 Pebbles, fine to coarse sand,
silt, and some rock fragments
and clay, brown to grey color

1

60.0 - 61.5 7=-7=7 Sand, c¢oarse, and small
pebbles, brown color

65.0 - 66.5 4-8-6 Sand, medium to c¢oarse, and
several layers {(up to 2Z-inch-
thick) of black .(peat type)
material, brown color

70.0 - 71.5 - Sand, medium to c¢oarse,
brown color; sample taken
from auger run-up -

75.0 = 76.0 - Sand, medium to c¢oarse, and
small to large pebbles;
sample taken from auger
‘Tun=-up

76.0 - 77.0 - .Bedrock at about 76 feet;
auger refusal at about 77
feet

Borehole depth: 77 feet
Well depth: 76.5 feet .
Screened interval: 76.5 to 46.5
well construction: 46.5 feet of 2-inch-diameter PVC casing
over 30 feet of 2-inch-diameter, 0.010-
inch=-slot PVC screen; about 2 feet of
PVC stick-up
Comments: Cave-in to about 31 feet; sand pack to about 29
feet; formation cuttings to about 5 feet; cement
up to ground level; protective cover installed
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Sample Depth
Interval {ft)

WELL Mw-4

{installed 11/30/83)

Blow
Count

Description

0.0

10.0

15.0

20.0

25.0

30.0

35.0

40.0

45.0

50.0

1.5

11.5

16.5

21.5

26.5

31.5

36.5

41.5

46.5

51.5

grab

4-7-7

5-3-6

5=-6-5

10=-13-16

6~8-11

4-7-8

7=-10-13

6-7-9
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Silt, roots, and a few small
rock fragments, soil texture,
brown color; probably repre-
sents fill

Silt, fine sand, pebbles, and
a few rock fragments, soil
texture, brown color; may
represent fill

Clay with some silt, mot-
tled brown color; may repre-
sent f£ill

Sand, medium to fine, with
rock fragments and some silt,
brown color

Sand, fine to medium, with
some silt and minor clay, and
a few pebbles, brown color

Clay with silt, pebbles,
and a few rock fragments,

bprown to dark brown color

Pebbles and silt with some
clay and a few rock frag-
ments, brown to dark brown
color

Clay, with minor silt,
fairly dense, dark brown to

‘0live green color

Clay, with some silt, fairly
dense, mottled tan to brown
color

Clay, with minor silt, and
hairline fractures filled
with black (peat type) mate~-
rial, fairly dense, brown
celor

Silt, very fine sand, and
clay, brown color
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WELL MW-4

(Conk)

{(installed 11/30/83)

Sample Depth Blow
Interval (ft) Count Description
55.0 - 56.5 8-13-14 Silt, fine to medium sand,
pebbles, and some clay and
black (peat type) material,
brown color
60.0 - 61.5 5-7-7 Pebbles, rock fragments,
and silt, with minor clay,
brown color; sample is damp
65.0 - 66.5 WOR Sand, medium to cocarse,
pebbles and silt, brown
color; hit water at about 62
feet :
70.0 - 71.5 11-10-9 Sand, medium to c¢oarse, and
: a few small pebbles, brown
color
75.0 - 786.5 12-22-25 Sand, medium to coarse, and
' a few small pebbles, brown
color
80.0 - Bl.5 11-13-15 Sand, medium to ccarse, brown
color
85.0 - 86.5 37-24-19 Sand, medium to c¢oarse, and
a few small pebbles, brown
color
90.0 - 91.5 14~-11-12 No recovery, probably same
‘as above
93.0 -~ 94.0 - Bedrock at about 93 feet;
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auger refusal at about %4
feet
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WELL MuW—-4 (Cont)
{installed 11/30/83)

— bk

i Borehole depth: 94 feet
Well depth: 74 feet
, Screened interval: 74 to 54 feet ‘
? Well construction: 54 feet of 2-inch-djiameter PVC casing
: over 20 feet of 2-inch-diameter, 0.010-
inch=slot PVC screen; about 2 feet of
PVC stick-up
Comments: Bottom 20 feet of .augers broke ¢ff and were left
in borehole beneath the monitor well; cave-in
to about 61 feet; sand pack to about 44 feet;
0.5 feet of bentonite on top of sand; formation
cuttings up to about 5 feet; cement up to ground
level; protective cover installed
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Sample Depth
(ft)

WELL MW=5 ~

(installed 12/01/83)

Blow
Count

Description

Interval
0.0 - 1-5
5.0 - 6.5

10.0 - 11.5

15.0 - 16.5

20.0 - 21.5

25.0 - 26.5

30.0 - 31.5

35.0 - 36.5

40.0 - 41.5

grab

grab

2-3-4

11-12-13

5-7-8

3-6-8

5-8-11

9-9-9

4-5-8

83

Black top (about 4 inches
thick) changing to fill con-
sisting of rock fragments,
clay, silt, and some pebbles,
dark brown to black color

Pebbles, silt, and clay,
brown color; probably repre-
sents fill

Rock fragments, pebbles,
silt, sand, minor clay, and
some cinder type material,
brown c<olor; probably repre-
sents £fill; sample is wet

Pebbles, silt, rock frag-
ments, and fine to medium
sand, brown to tan color;
probably mostly represents
£il)l; hit perched water at
about 11 feet

Sand, medium grained, with
pebbles and silt, and a layer
(about 1 inch thick) eof black
{peat type) material, brown
color; sample is probably
natural

Sand, medium, pebbles and

'silt, with some black ({peat

type) material, brown color

Sand, medium, with somé
pebbles. and silt, and a few
rock fragments, brown color

Sand, medium, with pebbles,
some silt, and minor black
(peat type) material, brown
color; sample is damp

Sand, medium to coarse, with
some pebbles and rock frag-
ments, and minor silt, brown
color; sample is danmp
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Geraghty & Milier, [nc

Sample Depth
Interval

(ft)

WELL MW=-5 (Cont)
{installed 12/01/83)

Blow
count

Description

45.0

50.0

55.0

60.0

65.0

70.0

75.0

85.0

91.0

93.0

46.5

51.5

56.5

61.5

66.5

71.5

76.5

8l.5

86.5

93.0

95.0

7-9-19

20-25-23

10-16-1%9

20-24-25

15-21-25

10-12~-14

drop~16-«42

8-10-11

35-20-16-1

Sand, fine to c¢oarse, peb-
bles, and some silt, brown
color; sample is damp

Sand, medium to coarse, with
pebbles and some rock frag-
ments, brown color; sample is
damp

Sand, coarse, with rock frag-
ments, pebbles, and minor
silt, brown color; hit per-
ched water at aQout 54 feet

Sand, coarse, with some small
pebbles and minor silt, brown
color; sample is damp

Sand, nedium toc coarse, with
some pebbles, brown color;
sample is damp

Sand, medium to c¢oarse, and
pebbles, brown color; hit

- water at about 67 feet

6

84

Sand, medium , with some
small pebbles, brown color

Sand, medium to coarse, and
some pebbles, brown color

Sand, medium to cocarse, and
some pebbles, brown color

Sand, medium to coarse,
changing to rock fragments
and silty to sandy clay at
bottom of sample, brown
color

No sample, drove rods until
refusal: bedrock at about 95
feet



Geraghrty & Miller, Inc

WELL MW-5 (Cont)
{(installed 12/01/83)

Borehole depth: 90 feet

Well depth:

90 feet

Screened interval: 90 to 60 feet
Well construction: 60 feet of 2-inch~diameter PVC casing

Comments:

over 1310 feet of 2-inch-diameter, 0.010-
inch-slot PVC screen; about 2 feet of
PVC stick-up
Cave-in to about 21 feet; sand pack to about 19
feet; 0.5 feet of bentonite on top of sand;
formation cuttings to about 5 feet; cement up to
ground level; protective cover installed

85
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Geraghty & Miiler, Inc

Sample Depth
Interval

(£2)

WELL MW-8
(installed 12/01/83)

Blow
Count

Description

0.0

10.0

15.0

20.0

25.0

30.0

35.0

40.0

1.5

11.5

16.5

21.5

26.0

31.5

36.5

41.5

grab

5-3-3 . 1

4-7-8

3=-5-4

3-4-5

3=-2-2

WOH

2-10-9

86

Sand, medium, and silt with
some small pebbles, brown
color; probably represents
£fill

Sand, c¢lay, silt, and some
pebbles, brown color, prob-
ably represents fill

Sand, medium to fine, with
some silt and rock fragments,
brown color; material is
probably natural

Sand, fine to medium, and a
few small pebbles, brown
color; only about a 3-inch
recovery :

Sand, medium to fine, with
some black (peat type) mate-
rial, brown c¢olor; lower part
of sample is damp

Sand, fine to medium, with a
few pebbles, brown color;
hit perched water at about 22

feet

Sand, medium to fine, with a

.few pebbles, changing to

silty clay, brown color:
change at about 31 feet

Clay, silty to sandy, brown
to orange color, changing to
sand, fine grained, with a
few pebbles, grey to green
cclor; change at about 36
feet

Sand, fine to medium, with
silt and clay, some black
(peat type) material, and
some small rock fragments,
dark grey to green color
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Geraghey & Miller, Inc

Sample Depth
Interval (ft)

WELL

MW-6 (Cont)

(installed 12/01/83)

Blow
count

Description

45.0 - 46.5
50.0 - 51.5
51.0 - 52,5

15-26-47

50/4"

Ciay, very hard and stiff,
green to dark grey color;
sample is very dry

Coal, black c¢olor, changing
to very stiff, hard clay,
grey color

Bedrock at about 51 feet:
auger refusal at about 52.5
feet

Borehole depth:

52.5 feet

Comments: No well was installed because of suspected
limited extent of the water table aquifer in
this area, j.e,.,
perched water was encountered; hole was back-
filled with cuttings and marked by flat rock.

it is believed that mostly

87
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Geraghey & Miller, Inc

Sample Depth
Interval (ft)

WELL MW=7 ~

(inst3Iled 12/02/83)

Blow
Count

Description

0.0

10.0

15.0

20.0

25.0

St weaed el bsemd bty 0 Mpsad s

30.0

35.0

40.0

45.0

Bhae L etk Dl SRR

—— e . .

1.5

6.5

11.5

16.5

21.5

26.5

31.5

36.5

41.5

46.5

grab

7-7-7

6-9-%

14-21-20

11-15-26

12-20-23

9-11-13

18-16-20

21-19-22

g8

Blacktop (about 4-inches
thick) changing to fill con-
sisting of sand, silt, and
pebbles, brown color

Sand, medium to fine, silt,
rock fragments, and pebbles,
brown color; probably repre-
sents £ill

Sand, medium to coarse, silt,
rock fragments, and pebbles,
brown c¢elor

Sand, fine to medium, and a
few pebbles, brown color:
sample is probably natural

Sand, medium to fine, with
some pebbles and rock frag-
ments, brown color; augers
were bringing up water,
possibly storm drain leakage

Sand, medium to fine, with
some pebbles and a few rock
fragments, brown color

Sand, medium to fine, with
some pebbles, brown color

Sand, medium to fine, with

some pebbles, a few rock
fragments, and a layer (about
2 inches thick) of black
(peat type) material, brown
color

Sand, fine to medium, with
some pebbles and a few rock
fragments, brown color

Sand, medium, with some
pebbles and rock fragments,
and minor silt, brown color



A

Geraghey & Miller, [nc

WELL MW=-7 {Cont)
{installed 12/02/83)

Description

Sample Depth Blow
Interval (ft) Count
50.0 - 51.5 18~11~11
55.0 - 56.5 9-10-11
60.0 - 61.5 13=-7-10
65.0 - 66.5 11-7-8
70.0 - 71.5 14-13-14
75.0 - 76.5 67/6'
77.0 - 79.0 -

Sand, medium, with pebbles
and a few rock fragments,
brown color

Sand, fine to medium, with
some pebbles, brown color

Sand, medium to coarse, with
pebbles and some silt, brown
coloxr, changing to c¢lay angd
silt, with pebbles and scome
sand, rust brown color;
change at about 61 feet;
sample is damp

Clay and silt, with sand
and some pebbles and rock
fragments, brown ¢to rust
brown color; hit water at
about 64 feet

Pebbles, sand, and silt,
brown to green color

-Sand, silt, and rock frag-
ments, changing to decom=-
posed rock, brown color

Bedrock at about 77 feet;
auyger refusal at about 79
feet

Borehole depth: 79 feet
Well depth: 78 feet

Screened interval: 78 to 58 feet :

Well construction: 58 feet of 2~inch-diameter PVC casing
over 20 feet of 2-inch-diameter, 0.010-
inch-slot PVC screen; about 2 feet of
PVC stick=-up

Comments: Cave-in to about 21 feet; 1 foot of bentonite

on top of cave-in; formation cuttings up to

about 5 feet;

cement up to ground level; pro-

tective cover installed

.....

BS
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Geraghty & Muller, Inc

Sample Depth
Interval (ft)

(installed 12/02/83 and 12/04/83)

Blow
Count

WELL MW-8

Description

c.0

5.0

10.0

15.0

20.0

25-0

30.0

35.0

40.0

45.0

1.5

6.5

11.5

16.5

21.5

26.5

31.5

36.5

41.5

46.5

grab

3-4-5

7-8-11

6-11-23

6-7-7

7-8~8

6-7-9

90

Sand, silt,

and some small
pebbles, brown color; prob-
ably represents fill

Silt and sand, with some
clay and a few pebbles, brown
color; probably represents
‘£ill; sample is damp

Clay with silt, some sand,
and a few pebbles, brown to
rust brown color, sample is
probably mostly natural;
sample is damp

Clay with minor silt, fairly
dense, brown to rust brown

color

Clay with some silt, minor
sand, and a few pebbles,

brown color

Clay with minor silt, brown
. to rust brown color

Clay with some silt and minor
fine sand, fairly dense and
plastic, mottled brown to
green color, changing to silt
with some clay and a few
pebbles, fairly hard and
stiff, grey color; change at
about 31.5 feet

Sand, fine to very fine, with

minor silt,
color

Sand, fine
brown to tan

Sand, fine
brown to tan

brown to tan

to very fine,
color

to very fine,
color

Bl e o B W O AR Rt A
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Genaghry & Muller, Inc

WELL MW-8 (Cont)

{installed 12/02/83 and 12/04/83)

Sample Depth Blow
Interval (ft) Count Descrintion
50.0 - 56.5 9~10~7 Sand, medium to c¢carse, with
pebbles, a few rock frag-
ments, and pebbles, brown to
tan color
55.0 - 56.5 4-8-10 Sand, medium to coarse, with
_ pebbles, a few rock fragments,
and minor black (peat type)
material, brown cclor
60.0 - 61.5 6-6-10 Sand, fine to medium, with
some pebbles, brown color
65.0 = 66.5 13-13~16 Sand, medium to doarse, with
pebbles, brown color
70.0 - 71.5 12-14-15 Sand, medium, with some
pebbles and a minor silty
zone, brown color
75.0 - 76.5 7=-9-11 Sand, medium to coarse,
and some pebbles, brown
color; hit water at about 735
feet
8Q0.0 - 81.5 dropped Sand, medium to coarse,
with some pebbles, brown
color
85.0 ~ 86.5 9-16~-25 Sand, medium teo coarse,
and some pebbles, brown
celor
90.0 - 91.5 13-18-18 Sand, medium to coarse,
‘ and pebbles, brown color
95.0 -~ 96.5 11-14-20 Sand, medium to coarse,
and a few pebbles, brown
color
97.0 - 98.0Q - Bedrock and auger refusal

at about 98 feet

S1
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Geaaghey & Miller, Inc

WELL MW-8 (Cont)
(installed 12/02/83 and 12/04/83)

Borehole depth: 98 feet

Well depth: 98 feet

Screened interval: 98 to 68 feet ‘

Well construction: 68 feet of 2-inch-diameter PVC casing
over 30 feet of 2-inch-diameter, 0.010-
inch-slot PVC screen; about 2 feet of
PVC stick-up

Comments: Cave-=-in to about 50 feet; sand pack to about 48

feet; 0.5 feet of bentonite on top of sand pack;
formation cuttings to about 5 feet; cement up
to ground 1level; protective cover installed

92
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Geraghey & Miller, Inc

Sample Depth
Interval

(fr)

WELL MW-9

{(installed 12/05/83)

Blow
Count

Description

0.0

10.0

15.0

20.0

25.0

30.0

35.0

40.0

45.0

50.0

1.5

11.5

16.5

21.5

26.5

31.5

36.5

41.5

46.5

51.5

grab

5-8-10

5-7-22

5=-7-10

5-17-24

7-7-10

5-8-9

5-7-8

5-8-9

5-8~9

Clay, silt, and pebbles,
brown color; probably repre-
sents £ill

Clay, silt, pebbles, and some
black (cinder type) material;
probably represents £fill

Clay, with silt and some fine
sand, and a few rock frag-
ments, fairly dense, brown
color; probably natural

Clay with silt, becoming more
pebbly and sandy towards
base, fairly dense, brown
color; probably natural

Clay with some silt, fairly
dense, brown color

Pebbles and silt, with some

¢cldy and minor sand, dark

brown color

Silt with clay, dark brown
¢color

Silt and very fine sand, with
minor c¢lay, brown color

Sand, very. fine, and silt,
brown color

Sand, very fine, and some
pebbles, brown c¢olor

Pebbles, with some sand and

. 8ilt, brown color

93
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Geraghty & Miller, Inc.

Sample Depth

Interval

(ft)

WELL MW-9

{Cont)

(installed 12/05/83)

Blow
Count

Description

55.0

60.0

65.0

70.0

75.0

80.0

85.0

90.0

95.0

100.0

100.5

56.5

6l.5

66.5

71.5

76.5

81.5

86.5

91.5

96.5

100.5

101.0

3~6=8

10-11-15

18-19-18

§-8-9

15-18-20

14-15-19

18-16-16

$=-10-11

10~-11-16

51/6"

94

Pebbles, with medium to
coarse sand, and minor silt,
brown ceolor

Sand, fine to medium, with
pebbles and a layer (about
l-inch thick) of black
(peat type) material, brown
color

Sand, medium to c¢oarse, and
pebbles, brown c¢olor

Sand, medium to coarse, and
pebbles, brown color; hit
water at about 70 feet

Sand, medium to coarse, and
pebbles, brown c¢olor

Sand, medium to coarse, and
some small pebbles, brown
color

Sand, medium to coarse, and
some pebbles, brown color

Sand, medium to c¢ecarse, and
pebbles, brown <color

Sand, medium to coarse, and a
few pebbles, brown color

Sand, medium to coarse, with
some sSmall pebbles, brown
color, changing to clay with
sand, pebbles, and rock
fragments, grey to brown
color

Bedrock and auger refusal at
about 101 feet
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Geraghty & Muller, Inc.

WELL MW-9 (Cont})
(installed 12/05/83)

Borehole depth: 101 feet
Well depth: 101 feet
Screened interval: 101 to 71 feet
Well construction: 71 feet of 2-inch-diameter PVC casing
. over 30 feet of 2-inch-diameter, 0.010-
inch-slot PVC screen; about 2 feet of
PVC stick~-up
Comments: Cave-in to about 55 feet; sand pack to about 53
feet; formation cuttings to about 15 feet; 1 foot
of cement and 0.5 feet of bentonite on top of
cuttings; formation cuttings to about 5 feet:

cement up to ground level; protective cover

installed

95
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Gerazhety & Miller, Inc

Sample Depth

Interval

(£t)

WELL MW-10

{instalied 12/05/83)

Blow
Count

Description

0.0

5-0

10.0

15.0

20,0

25.0

30.0

35.0

40.0

45.0

1.5

11.5

16.5

21.5

26.5

31.5

36.5

41.5

46.5

grab

§~6-6

won

19-17=-21

27-39=32

10-8-5

7-14-19

7=-9-12

9=-9-10

9-10-12

N A ek Y ot RV | — - v e

96

‘Sand,

Silt, sand, some clay and
pebbles, and some alumina
powder, brown to grey color:

probably represents £jill

Sand, fine, and silt, with
a few pebbles and minor clay,
brown color; probably repre-
sents fill

No recovery; based on blow
count must be fairly oozy;
probably represents £ill;:
hit perched water at about 10
feet

Pebbles, rock fragnments,
silt, and some sand, dark
brown color; probably repre-
sents compacted £ill; driller
through the lithology change
occurred at about 13 feet

Poor recovery of only gravel;
may be the same as above

and silt with
brown color;

Sand, medium,
some pebbles,
probably natural
fine, with some silt,
brown color

Silt with fine sand, brown
color

with silt, brown

Sand, fine,

color

with minor silt
brown color

Sand, fine,
and pebbles,
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Geraghty & Miller, Inc

WELL MW-10

({Cont) -

(installed 12/05/83)

Sample Depth Blow

Interval (ft) Count Description

50.0 ~ S51.5 7-9-10 Sand, fine, with some silt
and pebbles, brown color

55.0 ~ 56.5 12-18-17 Sand, medium to cocarse, with
pebbles and minor silt, brown
color ‘

60.0 - 61.5 9-10-10  Sand, medium to coarse, with
pebbles, minor silt, and some
black (peat type) material,
brown color

65.0 ~ 66.5 9-11-17 Sand, medium to coarse, with
some pebbles,.brown color

70.0 - 71.5 14-21-24 sand, medium to coarse, and
pebbles, with some rock frag-
ments, brown color

75.0 - 76.5 13-11-10 Sand, medium, brown color:
hit water at about 74 feet

80.0 - 81.5 15~16=21 Sand, medium to coarse, and
some pebbles, with minor
silt, brown c¢olor

85.0 - B6.5 9-19-24 Sand, medium to coarse, with
some pebbles, brown color

90.0 - 91.5 14-18-23 Sand, coarse, with pebbles,

. brown c¢olor
5.0 - 96.5 17-30-28 Sand, medium to coarse, and
' pebbles, brown color
100.0-100.5 51/3" Bedrock at about 100 feet;

e

R R T L T e
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auger refusal at about 100.5
feet; decomposed rock on lead
auger is grey color and looks
like weathered shale or mud-
stone
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Geraghty & Miiler, Inc

WELL MW-10 (Cont)
{installed 12/05/83)

Borehole depth: 100 feet

Well depth:

100 feet

Screened interval: 100 to 70 feet
Well construction: 70 feet of 2-inch-~diameter PVC casing

Comments:

over 30 feet of 2-inch-diameter, 0.010-
inch=-slot PVC screen; about 2 feet of
PVC stick-=up
Cave-in to about 31 feet; sand pack and more
cave-in to about 10 feet; 1 pack of cement plus
more cave-in to about 5 feet; cement up to
ground level; protective cover installed
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Geraghry & Milier, Inc.

Sample Depth
Interval

(£t)

WELL MW-11 -~
(installed 12/06/83)

Blow
Count

Description

10.0

15.0

20.0

25.0

30.0

35.0

40.0

" 45.0

1.5

6.5

11.5

16.5

21-5

26.5

31.5.

36.5

41.5

46.5

grab

3-3-4

9-12-18

4-5-6

3-5-4

6-9-8

6~-8-9

3-5-6

4-6-5

99

Blacktop (about 4~inches
thick) changing to pebbles,
silt, and sand, brown color;
probably represents £fill

No sample, attempted because
of buried pipes

Pebbles, silt, sand, and
some clay, brown color;
probably represents £fill

. Sand, medium, and silt,

with some pebbles and rock
fragments, brown color;
probably natural; sample is
damp

Silt with very fine sahd,
brown color

Silt with some very fine
sand, changing to pebbles
with medium to coarse sand,
and minor silt, brown c¢olor

Sand, medium to c¢oarse, with
pebbles, rock fragments, and
some silt, brown color

Sand, medium, with some
pebbles and a few rock frag-
ments, brown color

Sand, coarse, and pebbles,
with some silt, brown color

Sand, coarse, with pebbles
and some silt, brown color
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Geraghey & Miller, Inc

Sample Depth
Interval

(ft)

WELL MW-11 (Cont)
{installed 12/06/83)

Blow
Count

Description

50.0

55.0

60.0

- 65.0

70.0

75.0

80.0

85.0

0.0

935.0

51.5

56.5

61.5

66.5

71.5

76.5

8l.5

86.5

91.5

95.5

9-11-10

22-22-25

15-12-14

15-15-189

17-26-27

8-9-11

8-11-16

52/4"

7-8-9

65/3"

100

Sand, medium to coarse, with
some pebbles, a few rock
fragments, and minor silt,
brown color

Sand, medium to coarse, and
.pebbles, brown color

Sand, medium to coarse, with
some pebbles and a layer
{about l/2=-inch thick) of
black (peat type) material,
brown color ' '

Sand, medium to coarse, with
pebbles and a few rock frag-
ments, brown color

Sand, medium, with a few
pebbles, brown color

Sand, medium to coarse, and
small pebbles, brown color;
hit water at about 72 feet

Sand, medium to c¢oarse,
with some pebbles, brown
color

Rock fragments, dark grey
color; driller thought he may
have augered through cobbles
from about 85 to 87 feet

Sand, medium to coarse, with
a few small pebbles, brown
color

Bedrock and auger refusal at
about 95.5 feet; no recovery
on sample attempt
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Geraghty & Miller, Inc

WELL MW=11 {Cont)
{installed 12/06/83)

Borehole depth: 85.5 feet
Well depth: 95.5 feet
Screened interval: 95.5 to 65.5 feet
Well construction: 65.5 feet of 2-inch-diameter PVC casing
over 30 feet of 2~-inch-diameter, (¢.010-
inch-slot PVC screen; about 1,5 feet of
PVC stick-up
Comments: Cave-in to about 25 feet; sand pack to about 23
feet; 1 sack of cement and 0.5 feet of bentonite
on top of sand pack; formation cuttings to about
S feet; cement up to ground level; protective
cover installed

101
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Geraghey & Miller, Inc

‘ WELL * ~-12
(instalied +12/G71/83) =~

Sample Depth Blow
Interval (ft) Count Description

0.0 - 1.5 grab Silt and sand, with some
clay and a few pebbles, brown
color; probably represents
£ill

-

; 5.0 - 6.5. 2~-2-2 Silt, sand, clay, and a few
1 rock fragments, brown color;
+ may be natural

{ 10.0 - 11.5 2-2-2 Clay with some silt, very
soft and plastic, grey to
green color; probably natural;
sample is damp

. 15.0 - 16.5 4-3=-5 Silt, f£ine sand, and some

! clay, brown color, becoming

! more sandy and grey colored
toward base

i 20.0 - 21.5 5-4-5 Silt and sand, with some
clay and a few pebbles, brown

color

25.0 - 26.5 E=8=7 . Sand, medium, and pebbles,
with some silt, brown color:
hit water at about 26.5 feet

30.0 - 31.5 4-3-6 Sand, medium, and pebbles,
brown color

~ 35.0 - 36.5 4-4-6 Sand, medium to coarse, and

pebbles, brown color

40.0 - 41.5 9-5=10 Sand, medium to coarse, and
small pebbles, brown color

J 45.0 - 46.5 7~8-10 Sand, medium to coarse,
: brown color
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WELL

MW=12 {(Cont)

{installed 12/07/83)

Description

Sample Depth Blow
Interval {(ft) Count

50.0 = 51.5 7-11-17
55.0 - 56.5 23-37-34
60.0 -~ 61.5 lg~-22-19
€65.0 - 56.5 21-18-51/5"
66-5 - 67.0 -

Sand, medium, with small
pebbles, brown color

Sand, medium to c¢oarse, and
pebbles, brown c¢olor

Sand, medium to coarse, and
‘a few pebbles, brown color

Sand, medium to coarse, and
some pebbles, brown color

Bedrock at about 66.5 feet;
auger refusal at about 67
feet .

Borehole depth: 67 feet
Well depth:

Screened interval:
well construction:

Comments:

67 feet

67 to 27 feet
27 feet of 2-inch-diameter PVC casing

over 40 feet of 2-inch-diameter, 0,010~
inch-slot PVC screen; about 2 feet of
PVC stick-up
Cave-in to about 15 feet; 1 sack cement and 0.5
feet of bentonite on top of cave-in; formation
cuttings to about 4 feet; cement up to ground
level; protective cover installed
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Geraghey & Milier, Inc

Sample Depth

WELL MW-13
{installed 12/07/83)

Blow
Interval (ft) Count Description .

0.0 - 25.0 - No sampling attempted hecause
this zone is comprised of
£ill and rubble, i.e., brick,
cinders, carbon, etc.

25.0 - 26.5 3-13-19 _ Silt, sand, and clay, with a
few small pebbles, brown
color; probably natural;
fill/natural contact believed
to be between 20 and 25 feet

30.0 - 31.5 S5=6=7 Silt and fine sand, with some
clay, brown color

35.0 - 36.5 S5=4~=4 8ilt and fine sand, with some
clay, brown color

40.0 - 41.5 3-3-4 Silt and fine sand, with some
clay, brown color

45.0 - 46.5 WOHE=2-2 Sile, fine sand, and clay,
brown color

50.0 - 51.5 WOH-4-5 Sand, fine, and silt, with
some clay, brown color;
hit water at about 4B feet

55.0 - 56.5 2=4-7 Sand, fine, with silt, brown
color

60.0 - 61.5 3~-4-9 Sand, fine, and silt with
some clay, broewn color

65.0 - 66.5 24-27-28 Pebbles and medium to coarse
sand, brown color

70.0 - 71.5 7~9=14 Pebbles and medium to coarse
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sand, with minor silt, brown

color
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Geraghty & Miiler, Inc

WELL MW-13 (Cont)

(installed 12/07/83)

Sample Depth Blow

Interval (ft) Count Description

75.0 - 76.5 7-7-9 Sand, medium to cocarse, with
some pebbles and some black
(peat type) material at base
of sample, brown color

g80.0 - 81.5 10-12-14 Sand, medium to c¢oarse,
brown cvolor

5.0 - 86.5 29-34-40 Sand, medium to coarse, with
pebbles and some rock frag-
ments, brown c¢olor; decom-
posed rock towards base

88.0 - Bedrock probably at about 88

feet; driller 4id not want to
stress augers until refusal

Borehole depth: 88 feet
Well depth: 87 feet

Screened interval:
Well construction:

Comments: Cave=in
44 feet:

87 to 57 feet .

57 feet of 2-inch-diameter PVC casing
over 30 feet of 2-inch-diameter, 0.010-
inch-slot PVC screen; about 2 feet of
PVC stick-up

to about 49 feet; sand pack to about
cave~in to about 25 feet; 1 sack of

cement and 0.5 feet of bentonite on top of cave-
in; formation cuttings to about 5 feet; cement
up to ground level; protective cover installed
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Geraghty & Miller, Inc

Sample Depth
Interval (ft)

WELL MW~-14 -
(installed 12/08/83)

Blow
Count

Description

0.0 -

10.0 -

15.0 -

20.0 -

25,0 -

30-0 -

35.0 .-

- 40.0 -

45.0 -

1-5

6.5

11.5

16.5

21.5

26.5

31.5

36.5

41.5

46.5

grab

6-2-3

1-2-8

3-2-3

2=-1-2

L 3=2-4

4-6-9

4~5-6

5-~12-16
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Sand, silt, rock fragments,
and some brick, dark brown
color; probably represents
£ill

Sand, silt, pebbles, and some
slag, dark brown color; prob-
ably represents fill

Silt with some very fine
sand, a few pebbles, and some
clay, brown color; probably
natural

Silt and fine sand, with a
few pebbles, and minor clay,
brown color '

Clay with silt, and some
sand and pebbles, grey color;
could also be called silt
with clay

Silt and clay, with some
sand and pebbles, dark brown
to grey color; very poor
recovery

Clay with some silt, soft and
plastic, grey color

Clay with some silt, soft and
plastic, mottled green to
grey color; pushed Shelby
tube from 35 to 37 feet with
full recovery

Clay with some silt, mottled
green to grey color

Sand, medium, with pebbles,
brown to grey color; tip of
sample is wet




Geraghty & Miller, Inc

WELL MW~14 (Cont) -
(installed 12/08/83)

Description

Sample Depth Blow
Interval (ft) Count
50.0 - 51.5 8-10-13
55.0 56.5 2-4-10
60.0 61.5 6~11-17
65.0 66.5 15-14-12
70.0 71.5 17-23-24
75.0 76.5 12—19;25
80.0 81.5 12-12-12
85.0 86.0 51/1"

Sand, medium to coarse, with
some pebbles, brown color:
hit water at about 44 feet

Sand, medium to cocarse, and
pebbles, brown color

Sand, medium to coarse, and
small pebbles, brown color

Sand, medium to ccarse, and
some pebbles, brown color

No recovery; probably same
as above

sand, medium to coarse, and
pebbles, brown color

Sand, medium to coarse,
brown color

Bedrock at about 85.5 feet;
auger refusal at about 86
feet; no recovery from
sampling attempt

Borehole depth: 86 feet
Well depth:

Screened interval:
wWell construction:

Comments:

86 feet

86 to 46
46 feet of 2-inch-diameter PVC casing

feet

over 40 feet of 2-inch-diameter, 0.010-
inch=~-slot PVC screen; about 2 feet of
PVC stick~up

Cave-in to about 13 feet; 0.5 feet of bentonite

on top of cave-in;

formation cuttings to about 5

feet; cement up to ground level; protective cover

installed
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Gzzaghty & Miiler, Inc

wELL MW-15
{installed 12/12/83)

Sample Depth Blow

Interval (ft) Count Description

0.0 - 1.5 grab Cinder type material with
silt and pebbles, black
color; probably represents
£il1l

5.0 - 6.5 S5=6=7 Sand, medium, and some peb-
bles, black (peat type) mate-
rial towards base, brown to
tan color, probably natural

10.0 - 11.5 5-7-10 Sand, medium, with some peb-
bles, brown to tan c¢olor

15.0 - 16.5 6-9-8 Sand, medium, with some
pebbles, brown to tan color

20.0 - 21.5 7-13-19 Sand, medium, with some
pebbles and minor silt,
brown to tan color

25.0 - 26.5 13-19-18 Sand, medium, with pebbles
and a few rock fragments,
brown to tan color

30.0 - 31.5 15=-17-20 Sand, medium, with pebbles,
tan color

35.0 - 36.5 6-9-19 Sand, medium to fine, with
some pebbles and a layer
(about 1 inch thick) of black
(peat type) material, brown
to tan color

40.0 - 41.5 16-23-26 Sand, medium to coarse,
with pebbles and minor silt,
brown color

45.0 - 46.5 7-8-8 Sand, medium to coarse,

108

with some pebbles and minor
silt, brown color; hit water
at about 42 feet




Geraghty & Miller, Inc

WELL MW-15 (Cont)
(installed 12/12/83)

Sample Depth Blow

Interval (ft) Count Description

50.0 - 51.5 6-9-14 Sand, medium to coarse, and
pebbles, brown color

55.0 - 56.0 40-51/2" Bedrock at about 55 feet;

auger refusal at about 56
, feet; sample consisted of
decomposed rock, brown color

Borehole depth: 56 feet

Well depth: 56 feet

Screened interval: 56 to 36 feet .

Well construction: 36 feet of 2-inch-diameter PVC casing
over 20 feet of 2-inch-diameter, 0.010-
inch-slot PVC screen; about 2 feet of
PVC stick-up

Comments: Cave-in to about 18 feet; 0.5 feet of bentonite

on top of cave-in; formation cuttings to about 5
feet; cement up to ground level; protective cover
installed
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Geraghey & Miller, Inc

Bample Depth
Interval {(£ft)

WELL MW~16 -
(inscalled 12/12/83 to 12/13/83)

Blow
Count

Description

0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

40.0

45.0

50.0

1.5

6.5

11.5

16.5

21.5

26.5

31.5

36.5

41.5

46.5

51.5

grab

7-7-7

6-9-=7

9-14-15

8=-10-10

7-8-8

12-18-24

27-24-28

16-17-24

11-20-27

110

Silt, with some c¢lay and
minor sand, brown color;
probably mostly represents
£ill

Clay, with silt, a few peb-
bles, and some cinder-type
material, brown color; prob-
ably represents fill

Pebbles, with sand and silt,
brown color; probably natural

Sand, medium, with some peb-
bles and silt, brown color

Sand, medium, with pebbles
and minor silt, brown color

Sand, medium, with pebbles,
brown color

Sand, medium to coarse, and
a few pebbles, brown color

Sand, medium, with some peb-
bles and a few rock frag-
ments, brown color

Sand, medium, with some peb-
bles and a few rock frag-
ments, brown color

Sand, medium, with some
pebbles and rock <fragments,
brown color

Sand, medium, and pebbles,
with minor silt, brown color;

hit water at about 50 feet
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Geraghey & Miller, Inc

Sample Dept

WELL MW-16 (Cont)
(installed 12/12/83 to 12/13/83)

h Blow

Interval ({f
55.0 - 56.5
60.0 - 61.5
65.0 - 66.5
70.0 = 71.5
75.0 = 76.5
80.0¢ - 81.5
g84.0

t) Count Description
21-25-27 Sand, medium, and pebbles,
with_minor silt, brown color
16-19-18 Sand, medium to coarse, and
a few small pebbles, brown
color
11-17-18 Sand, medium to coarse, with

pebbles, brown color

11-13-21 Sand, medium to coarse, and
2 few pebbles, brown color

21-~11-9 Sand, medium, with a few
pebbles, and a zone (about 1
ineh thick) of black (peat
type) material, brown color

26-28-24 Sand, medium to coarse,
brown c¢olor, changing to
saprolite (decomposed rock)
resembling a sandstone rem-
nant; change at about 81.5
feet

- Bedrock and auger refusal
at about 84 feet

Borehole depth: 84 feet

Well depth:

81.5 feet

Screened interval: 81.5 to 46.5 feet
WeIl- -construction: 46.5 feet of 2-inch-diameter PVC casing

Comments:

over 35 feet of 2-inch-diameter, 0.010-
inch-slot PVC screen; about 2 feet of
PVC stick-up

Cave-in to about 31 feet; sand pack to about 30

' feet; 0.5 feet of bentonite on top of sand pack:

formation cuttings to about 5 feet; cement up to
ground level; protective cover installed
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Geraghty & Miiler, [nc

WELL MW-17 -
(installed 12/13/83)

Sample Depth Blow
Interval (ft) Count Description
0.0 - 1.5 grab Cinder type material with
pebbles and silt, brown
color; probably mostly repre-
sents fill
5.0 - 6.5 4=3-2 Sand, medium to coarse, peb-
. bles and silt, brown color
10.0 - 11.5 4-6=7 Sand, medium, with pebbles,
brown color
15.0 - 16.5 5-6=-6 Sand, medium, with pebbles,
brown color
20.0 - 21.5 7=-8-5 Sand, medium, with pebbles
and some black (peat type)
material, brown color
25.0 - 26.5 10~10=13 Sand, medium, with some peb-
bles and some black (peat
type) material, brown c¢olor
30.0 - 31.5 12~23-33 Sand, medium to coarse, and
pebbles, brown color
35.0 - 36.5 24-44-49 Ssand, medium, with pebbles
and rock fragments, brown
color _
40.0 - 41.5 ll-16=-22 Sand, fine, with a few peb-
bles and some black (peat
type) material, brown color;
hit water at about 40 feet
45.0 - 46.5 14-20-20 . Sand, medium, and pebbles,
brown color
50.0 - 51.5 11-11-15 Sand, medium to coarse, and

112

small pebbles, brown color
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Geraghey & Miller, Inc

WELL MW-17 (Cont) -
(installed 12/13/83)
Sample Depth Blow
Interval (£t) Count Description
55.0 - 56.5 9-13-16 Sand, medium to coarse, and
small pebbles, brown color
60.0 - 61.5 14-31-24 Sand, medium, and some peb-
bles, brown color
65.0 - 66.5 11-23-22 , Sand, medium, with some peb-
) bles, changing to hard silty
clay at base, brown color;
change at about 66 feet
70.0 - 71.5 11-31~51/2" B5Sand, medium to coarse, and
pebbles, changing to hard
sandy clay (probably decom=-
posed rock)}), brown color;
change at about 71 feet
75.0 - 76.5 15~-31451/1" Clay, dense, hard, and
stiff, grey to brown color;
probably represents decom-
ppsed rock
77.0 - Bedrock and auger refusal

at about 77 feet

Borehole depth: 77 feet
Well depth:

Screened interval:

76 feet

Well construction: 36 feet of
over 40 feet of 2-inch-diameter, 0.010-
inch-slot PV( screen; about 2 feet of
PVC stick~-up

Cave~-in to about 5 feet: cement up to ground

Comments:

level; protective
weather conditions,
water (a few inches

76 to 36 feet

2-inch-diameter PVC casing

cover ‘installed; owing to
there was standing surface
up to a foot) all around this

location, so a gravel (10 tons) pad was installed
at the drilling location
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reraghey & Miiler, Inc

WELL MwW-18 -

{installed 12/13/83)

Sample Depth Blow
Interval (£t) Count Description

0.0 - 1.5 grab Sand, medium, and pebbles,
brown color; probably natural

5.0 - 6.5 7-9-§ Sand, medium, with some
pebbles, brown color

10.0 - 11.5 4-6-8 Sand, medium, with minor
_ amounts of black (peat type)
material, brown color

15.0 - 16.5 8=-17-14 Sand, medium with one large
rock fragment, brown color

20.0 - 21.5 8§-13-17 Sand, medium, with some peb-
bles, brown color

25.0 - 26.5 9-7~7 Sand, medium, with a few peb-
bles and rock fragments, and
minor amounts o©of black (peat
type) material, brown color

30.0 - 31.5 - 7-9=-11 Sand, medium to0 coarse, with
some rock fragments and
pebbles and a few rock frag-
ments, brown color

35.0 - 36.5 11-10~-14 Sand, medium, with some peb-
bles and a few rock £frag-
ments, brown ceolor

40.0 - 41.5 9-10-12 Sand, medium to coarse, with
pebbles and minor silt,
brown color; hit water at
about 39 feet

45.0 - 46.5 47-21-19 Sand, medium to coarse, with
pebbles and some silt, brown
color; driller thought he had
augered through cobbles from
about 40 to 45 feet

114

— - PRy T —_— - T S S e WALt Al P Mgl RPN ¢ W i e el



Genaghty & Mulier, Inc

WELL MW-18 (Cont)
(installed 12/13/83)

—— vt btk Bbaea) b

Screened interval:
Well construction:

Sample Depth Blow

Interval (ft) Count Description

50.0 - 51.5 15-26-38 Sand, medium, with silt,
pebbles, and a few rock
fragments, brown color

55.0 - 56.0 35-51/5" Decomposed rock (saprolite},
hard and friable, grey color;
may represent weathered shale

59.0 - Bedrock and auger refusal at
about 59 feet

]
Borehole depth: 59 feet
Well depth: 59 feet

59 to 39 feet
39 feet of 2-inch-diameter PVC casing
over 20 feet of 2-inch-diameter, 0.010-
inch~-slot PVC screen; about 2 feet of
PVC stick-up

installed .

[ — -

,
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T et —

on top of cave-in;

1135

Comments: Cave~-in to about 18 feet; 0.5 feet of bentonite
formation cuttings to about 5
feet; cement up to ground level; protective cover



Gemgney & Miiler, [nc

- WELL MW=19
{installed 12/14/83)
Sample Depth Blow
: Interval (ft) Count Description
0.0 - 1.5 grab Clay, with some silt, brown
color; probably natural
5.0 - 6.5 5~16-16 Clay, with some silt and a
few pebbles, brown color;
probably natural
10.0 - 11.5 6~4-6 Silt and pebbles, brown color
15.0 - 16.5 5-8-8 Sand, medium, and a few peb-
bles, brown color
-] 20.0 - 21.5 4-6-6 Sand, medium to coarse, with
a few pebbles and a thin
] layer of black (peat type)
material, brown color
: 25.0 - 26.5 4-9-18 Sand, medium to coarse,
‘ with a few pebbles and a thin
layer of black (peat type)
material, brown color
] 30.0 = 31.5 10~-13-14 Sand, medium to coarse, and
: rock fragments (broken peb-
' bles), brown color
i
35.0 - 36.5 30-38-50 Sand, medium, and pebbles,
brown to tan color
40.0 - 41.5 16=-24-24 Sand, medium to coarse, and
pebbles, brown color
45.0 - 46.5 19-13=-12 Sand, medium t¢ coarse, with
pebbles and a few rock frag-
ments, brown color; hit water
at about 45 feet
50.0 - 51.5 21-21-23 No recovery, probably mainly
sand
§5.0 - 56.5 §-3-3 Sand, medium to coarse, with

a few pebbles, brown color
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Geraghty & Miller, Inc

WELL MW=19 (Cont)
{installead 12/14/83)

Sample Depth Blow

Interval (ft) Count Description

60.0 - 61.5 6~9=-12 Sand, medium to coarse, with
some silt, and clay toward
base, brown color '

63.0 - 64.0 - Bedrock and auger refusal at

about 64 feet; probably en-

' countered decomposed rock at
about 62 feet; material on
lead auger looked like decom-
posed grey shale

Borehcle depth: 64 feet
Well depth: 64 feet

Screened interval:
Well construction:

64 to 44 feet
44 feet of 2-inch-diameter PVC casing
over 20 feet of 2-inch-diameter, 0.010-
inch-slot PVC screen; about 2 feet of
PVC stick-up

Comments: Cave-in to about 31 feet; sand pack to about
29 feet; 1 foot of bentonite on top of sand pack;
formation cuttings to about 5 feet; cement up to
ground level; protective cover installed
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Geraghey & Muller, Inc

Sample Depth
Interval

(f£t)

WELL Mw-20
(instalied 12/14/83) -

Blow
Count

Description

0.0

5.0

10.0

12.0

15.0

20.0

25.0

30.0

35.0

1.5

6.5

11.5

14.0

17.0

21.5

26.5

31.5

36.5

grab

4=-3-3

9-16~20

9-12-18

118

Clay, with some silt, brown
color; probably natural

Clay, with minor silt, fairly
dense and stiff, brown color

Clay, with minor silt, fairly
dense and stiff, brown color;
clay is similar in appearence
to that observed at MW-8, but
appears to be less silty than
clays found at the Mw-12 and
MW=-13 locations

Pushed Shelby +tube with no
recovery

Pushed Shelby tube with £full
recovery; material consists
of clay with some silt, brown
¢color

Silt and clay, with very fine
sand, very scft and plastic,
brown color; sample taken
from auyger run-up

Silt and clay, with very fine
sand, very soft and plastic,
brown c¢olor

silt, with clay and very fine
sand, changing to sand and
pebbles, with some silt,
brown color; change at about
31 feet

Pebbles with coarse sand,
brown color

t
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Geraghty & Miller, Inc,

WELL MW-20
(installed 12/14/83)

Sample Depth Blow

Interval (£

t) Count Description

40-0 - 41-5

45.0 - 46.5

50.0 - 51.5

55-0 - 56.5

€5.0

9~17-18 Pebbles with medium to
coarse sand, brown color

14-13-17 Sand, medium to coarse,
with pebbles, brown color

9=-25-~30 Sand, medium to coarse,
brown color; base of sample
resembles decomposed sand-

stone

27-23-31 Sand, medium, with rock
fragments toward base, brown
color

23-32-23 Sand, medium, with some

pebbles and rock fragments
toward base, brown color

- Bedrock and auger refusal
at about 65 feet

Borehole depth: 65 feet

Well depth:

64 feet

Screened interval: 64 to 34 feet
Well construction: 34 feet of 2-inch-~diameter PVC casing

Comments:

over 30 feet of 2-inch diameter, 0.010-

inch-slot PVC screen; about 2 feet of

PVC stick-up :
Cave-~in to about 20 feet; 1 foot bentonite on
top of cave in; formation cuttings and more
cave-in to about 9 feet; 1 foot of bentonite on
top of formation cuttings; cement up to ground
level (i.e., about 7 to 8 feet of cement; pro-
tective cover installed; due to weather con-
ditions, surface water is several inches deep
all around this location
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Geraghty & Miiler, Inc

APPENDIX B
Soil-Testing Results

Ormet Corporation
Hannibal, Ohio

120
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APPENDIX B

TS OF FALLING-HEAD PERMEABILITY TESTS AND CATICN EXCHANGE ANALYSES

Sample Cation Natural Falling-
Depth Exhange Moisture Head Sarple
Interval Capacity Content Permeability Description
{££) (mea/100g) . (rercent) K {cn/sec)
10.0 - 11.5 7.6 - - Scft silty clay
45.0 - 46.3 5.7 - - - Clayey sandy silt
40.0 - 41.5 6.9 - - Silty clay
10.0 - 11.5 10.3 - - Clay, with minor
silt
35.0 - 37.0 - 23.5 3.00x10"%  soft silty clay
15.0 = 17.0 - 21.6 9.02x10"%  silty clay
lyzed
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APPENDIX C

Water-Level Data
Ormet Corporatiocn,
Hannibal, Ohio

C-1 Results of 1983-1984
Water-Level Measurements
From MW~Series and TH-
Series Wells

C-2 Median Values from 1972

Water-Level Measurements
From TH-Series Wells
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Appendix C-1

-Water-Level Data From 1983-1984 Measurements at MW-Series
and TH-Series Monitor Wells

December 28, 1983 January 31, 1944
Elevation of Depth to Water Elevation Depth to VWater Elevation
Hell Measuring Below Heasuring of Below Measuring of
Number eolnt Point Water Point Water
{ft _above MSL) {ft) {ft above MSL) {ft) {ft above MSL)

Hr=1 668.3) 54.96 613.37 54.93 613,40
HW-2 669.11 60.29 607.82 60.20 607.9
Muw-3 645.20 3%.67 605.5) 37.58 607.62
Hu-4 661.09 63.75 597.34 62.70 596,19
HW-5 668.17 69.05 599.12 60.23 599.94
Mw-6 * L] L] - -
HU-17 667.94 " 61,73 606.21 60.068 6U7.06
Hi-8 667.76 76,85 590.91% 15.31% 592.45
HH-9 666.63 : 75.70 590.91 74.01 592,62
HU-10 667.20 77.18 590.02 715.41 591.73
HW-11 667.30 69.04 598.26 68.12 599.18
Mu-12 636.27 25.62 611,15 25. 7% 611.06
MU~13 661.43 44,15 617.28 44.15 617.28
ME-14 651,66 40.6) 6131.0) ’ 40.73 612.9)
MW-15 657.26 40,57 616.69 40.90 616.36
HwW-16 662.68 5|i32 611,36 51.49 611.19
Fw-17 654.99 41,88 613. 11 41.93 613,06
HH-18 660.85 40.52 620.33 40.42 620.41
HH-19 661.94 41.59 618.135 44.00 617,94
MW-20 632.33 12,90 619.43 12.97 619.36
TH-) 667.82 61.60 606,22 61.36 606.46
TH~-10 650.17 - - 40.51 617.66
™-11 £58.15 - - 311.07 621,64
Til-15 661,65 72.83 590.82 71.132 592.33
T™H-16 664,68 73.3) 591.35 71.20 $43.448
T™-17 663,96 72.63 591.3) . 70.78 593.18
8-inch 664,62 51.00 613.62 51,16 613,46
River (RP-1) 643.17 20.3 622.9 19.5 621.7

* HNo well installed

= Ho measurement collected

Hokte:

Water level measurements {except measurements of MW-%, TH-15, TH-16, and TH-17, 1/31/84,
collected with an M-scope) collected using steel tape/chalk method; measuring point for
2-inch diameter wells i{s top of PVC casing; measuring point of é-inch and larger diameter
wells is top of steel casing) measuring point for river la top of ateel beam along a

walkway.
rd
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APPENDIX C-2

MEDIAN WATER-LEVEL DATA FROM TH-SERIES MONITOR WELLS

Total Median
well Number of Depth to Median wWater
Number Time Span Measurements Water Elevation
(£t} (£t)
TH-0 2/18/72 - 9/13/72 10 84.31 581.69
TH-1 1/19/72 - 9/13/72 17 80.78 583.22
TH=-3 1/6/72 - 9/13/72 18 70.79 596.70
TH-4 1/13/72 - 9/13/72 13 40.33 611.43
TH=-5 1/18/72 - 8/13/72 15 50.22 603.52
TH-6 i/6/72 - 9/13/72 14 41.88 604.48
TH=7 1/13/72 -~ 9/13/72 9 52.80 605.39
TH-8 /3772 - 9/13/72 18 46.31 603.26
TH-9 1/13/72 - 9/13/72 15 44.89 603.51
TH=10 1/19/72 - 9/13/72 14 43.36 614.81
TH=-11 1/18/72 - 9/13/72 15 37.11 621.64
TH=-12 2/18/72 - 8/13/72 7 36.12 602.43
- THE-13 2/23/72 - 9/13/72 5 28.42 602.88
TH~14 -~ - Dry Hole -
TH-14A 7/25/72 - 9/13/72 5 49.79 603.58
TH-15 1/11/72 - 9/13/72 8 78.52 585.08
TH~16 6/30/72 - 9/13/72 9 78.49 585.83
TH=-17 6/30/72- - 8/13/72 9 77.88 585.67
TH-18 - - Dry Hole -
TH-19 7/11/72 - 9/13/72 8 79.40 583.23
8-inch 1/26/72 - 9/13/72 12 51.58 602.67
River /72 1 - 602.6

- — - —.—
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APPENDIX D

Groundwater-Quality Analyses
Ormet Corporation
Hannibay, Ohio

Results of 1983-1984 Field Analyses
of MW-Series Monitor Well Samples

Results of 1983-1984 Laboratory
Analyses of MW-Series Monitor
Well Samples

Results of 1972 Laboratory Analyses
of TH-Series Monitor Well Samples

Avéraged Results of 1982-1983

Analyses of New Interceptor, 0ld
Interceptor, and Ranney Well Samples
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APPENDIX D-1: SAMPLE SET 1 ‘;
RESULTS OF DECEMBER 1983 FIELD ANALYSES OF GROUNDWATER SAMPLES ) =
FROM MW-SERIES MONITOR WELLS = ;
= |
5 |
i L [y : |
Well Date Specific ’ i ;
Nuaber Sanpled Temperature pl Conductance Caments
(°c) (std. units) (wnhos/am)
-1 12/29/83 1 6.0 210
-2 12/30/83 [} 10.3 6,000 Sample is dark coffee color
-3 12/30/83 15 6.1 710
-4 12/31/8) 15 6.6 490 Couldn't get pump down well- sanple was bailed
M5 12/29/83 12 9.5 2,825 Sanple is dark coffee color
o MW-7 12/29/83 22 6.2 700
o I8 12/29/83 1] 9.2 700 Sample is tea color
. M9 12/29/83 13 7.2 600
M-10 12/31/83 24 7.6 1,280 Couldn't get pump down well- sample was bailed
MA-11 12/29/83 13 9.4 825 Sample is tea color
=12 12/31/83 13 7.3 400
MA-13 12/31/83 15 7.2 463
M-14 12/31/83 13 7.8 395
M-15 12/30/83 " 6.7 415 |
16 12/30/83 12 9.9 1,800 Sample is coffee color |
b7 12/31/83 n 7.6 475
iM-18 12/30/83 | 1 10.0 8,750 Sample is coffee color
MW-1Y 12/30/83 10 7.1 435
MW-20 12/30/83 13 6.6 420
Ti-3 12/30/83 - g.1* 345%

*Samples not thought to be truly representative due to insufficient well evacuation
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APPENDIX D-1: SAMPLE SET 2 ';
RESULTS OF FEBRIJARY 1984 FIELD ANALYSES OF GROUNDWATER SAMPLES §
FROM MW-SERIES MONITOR WELLS =
. ’5‘ .............
Well Date Specific n
Number Sampled Temperature ph Conductance Comments
{°C) (std. units) (uwnhos/om)
M- 2/2/84 14 6.1 215
M2 2/4/84 1} 10.3 2,750 Sample is dark coffee color
M3 2/2/84 16 6.3 625
M4 2/2/84 13 6.8 525 Could not get pump down well- sample was bailed
M-S 2/1/84 12 9.6 2,700 Sanple is dark coffee color
- MA-7 2/2/84 31 5.9 750
) M-8 2/2/84 13 9.5 700 Sample is tan color
! D 2/2/84 15 7.3 600 -
! . MA-10 2/4/84 23 7.5 8600 Could not get pump down well- sample was bailed
HW-11 2/1/84 12 9.5 775 Sample is tea color .
MW-12 2/3/84 14 7.2 385
MA-13 2/3/84 16 7.1 430
i HM-14 2/3/84 14 7.8 402
E M-15 2/3/84 13 6.7 435
A Mi-16 2/1/84 12 9.7 1,550 Sample is coffee color
K Mw-17 2/3/84 13 7.4 470
Ha-18 2/1/84 12 9.8 7,500 Sample is coffee color
Mit-19 2/4/84 1 6.8 405
20 2/4/84 13 6.5 365
!
i
i
| ( (
]




Geraghty & Muller, Inc.

APEENDIX D-2: Sample Set 1

Results of Laboratory Analyses of Decemkber, 1983
Groundwater Samples from Mw-~Series Monitor Wells

(samples collected 12/29/83 to 12/31/83;: all values
expressed in mg/l unless otherwise specified)

Satole Location Y= e W= =4 M5 Me=T7 M-8 M= Mu=10 V=11
Tranmnittance (V) (1} 100 -] L] 100 2 100 92 9 » a5
Field Terperature (°C) " 1" 15 15 12 23 13 13 28 1]
pH (std. units) 6.4 10.3 5.5‘ 7.1 9.7 6.8 9.5 1.7 7.7 9.5
Corductivity Turhos/ch) {1) 270 £000 152 613 3058 613 820 04 1205 980
Total Ovganic Carbon 1.4 800 2.9 3.9 260 2.1 9.4 3% 5.1 3
Total Dissolved Solids 226 7560 61) 411 3040 466 625 487 854 805
Total Alkslinity (:aooa) 59 3980 157 249 1340 84 308 50 246 k(1]
Bicartonate (HCDJ) T2 1440 436 304 952 100 226 305 Joo 285
Cacbonate (G‘JBJ 0 1680 4] ] 136 0 ki3 0 0 80
Hydrdaide (OH) 0 ] 0 -] -] 1] 0 0 0 0
Chloride B 1 500+ n n 500* 126 o 30 ki i3
Fluoride 0.1 400 0.1 1.6 130 0.1 |1 ) 6.8 6.9 3
Nitrate Nitrogen Q.1 1.6 0.1 2.2 17 <0.1 2.2 1.6 6.5 2.8
Sulfate 19 28] 166 60 457 57 9% N 280 ™
Scdium 4.2 1950 3.2 41,5 880 49.0 202 "t 185 28
Potassium 1.3 4. 1.2 3.2 4.5 T 2,7 1.4 2.3 8.0 1.6
Calciuve N 0.6 144 o 0.4 61 3.5 50 95 2.3
“acresiun 6.8 2.0 15.2 14.9 2.1 13.1 0.6 6.0 8.7 0.3
lron 0.0¢ 55.2 0.52 0.06 17.5 1.0t 0.20 0.12 0.60 0.48
*arganese 0.85 1.98 5.06 4.78 1.8 7.88 0.a1 <0.01 Q.26 0.06
Alumirum <0.1 &.6 2.1 <0.1 4.) <0.1 0.5 <0.1 [ ] 0.8
Silica (3102) 23 130 Frd 12 55 40 15 17 r- 13
Total Cyanide (1} T 0.018 3.0 0,25 0.041 18.8 0.019 0.32 0.41 1.36 0.52
Free Cyanide (1) 0.013 .27 0.014 g.0M 0.064 0.020 0.017 0,013 0.083 0.021
~xronis {1) 0.093 «<.CO? <0,001 0.008 20.0 0.338 2,25 0.268 0.027 3.05
Ka/Cl Ratio 0.18 3.90 1.28 1.30 1.76 0.9 7.48 3.7 2.60 7.21
Wharye Imbalance .4 6.6 6.1 2.0 18.9 0.6 4.0 1.6 2.7 4.8

(1) Peramecer aralysed by Ormat Laboratoryr all other parameters analyzed by Martél Laboratocy Services, Inc. {of Baltimore, Maryland:
unless ccharwise specified.
* Analyticsl results veported to one significant fiqure dus to high background incerfecences.
= SNot analysed
9 bBalow detsction
tote: All analytiesl methods are either from Standard Methods for the Examinetion of Water and Wastewater, or U.§. Ewirormental
Procection Agency Methods of Chemical Analysis of Wacer and Wasces.

128

T, Ayl g+ T ¢ T o Yoin- v 1 YA ST 4 A —— A M T e Y. g =



Saeml kel e

Geraghey & Miller, Inc

APPENDIX D-2: Sample Set 1 (Cont.)

Results of Laboratory Analyses of December, 1983
Groundwater Samples from MW-Series Monitor Wells

(samples collected 12/29/83 to 12/31/83; all values
expressed in mg/l unless otherwise specified)

Sxole location 12 Mi=13 =14 =13 =15 Mi=17 Mi=18 Ma=13 Ma=20  THe) Th=15
Transmittance (V) (1) 100 100 100 190 n ”» n 100 we % 95
Field Terperature {°C) 13 5 3 n 12 n n 0 13 - -
# (std, units) . 7.5 7.2 8.0 6.9 9.8 7.9 5.9 1.2 6.7 LS T
Conductivity (Wrhos/em) (1) 476 540 s 558 2092 €13 1082 LT} 508 - -
Tetal Organie Cacton 2.5 2.3 2.5 &5 220 .8 30 2.3 26 -
Total Dissolved Solids 9 m s 39 21 03 8640 97 52 - "
Total Alkalinity (C@J) 167 255 168 191 1020 m 63%0 . 25 76 162(1) 1291{1)
Bicactonate (KD} 204 m 208 m 512 m 2450 m 0s e SUD
Cartonate (€O, ] 0 o a 360 ] 2630 0 0 ] 0
Hydroxide [OH) 0 ] 0 ] ) 0 (] 0 ° 0 0
Cileride n I3 . 0n , 600" » 004 N n L8N <l
Fluoride 2.1 1.2 3.0 83 e 5.8 480 03 e - -
Nitrate Nitrogen 1.1 4.4 0.4 6 .3 2.4 ° 0.6 0.1 0.1 - -
Sultace s 2] 1) o 130 LA TR n @ - -
Sodium .3 2.1 40,7 2.8 530 ™ %0 2.9 o - -
Pocarsiun 2.6 1.z 2.6 12 1.0 .8 12.8 6 £ FE S -
Calcizn 7 7% 59 12 ".6 W 1.6 0 LD - -
Fagnesim 1.8 12.5 9.9 5.3 W 9.3 'R 0.5 12,6 - -
tron 0.0 <0.01 0.30 034 12.4 044 7 @.01 <O - -
ranjonese 0.9¢ 5.0 0.2 0.03 0.91 1.38 0.26 0.54 .02 - -
Alwranm €. <0.1 «.1 @.1 2.4 0.1 4.8 0.1 % -
Silica {5i0,) 1 13 ® 16 Lt 14 20 7 " - -
Tcral Cyanide (1) .01 0,22 0.16 0.44 7.18 0.9%  110.0 0.088  0.080 .41 )
Free Cyanide (1) 0.021 .02 001 0008 0.04 Q02! 0.45 0.013  0.028 0.0%4 w9l
kmronia (1) 0.072  0.100  0.038  0.026 <0.001  0.002 <B.001 <0001  <0.00) - -
tia/C1 Ragio , 0.50 0.67 t.48 0.8 0.88 .69 .50 0.74 677 - -
rarge [mbalance 3.9 16.0 1.2 8,1 30.9 0.6 14.3 1.9 3.3 - -

(1) Parameter analyasd by Otvwet Laboratory; all cther parsseters smalyzed by Marcel Laboratocy Servicws, Inc. (of Baltinees, Maryland)
unless otherwise specifiod,
¢ Analycical results reportad to one significant figuee due to high backgreund interferwnces.
= ot analyzed
0 Below detection
tate: All analytical methods are either {rom Standard Metheds for the Exasmination of Water and kastawater, or U.S. tnvironmental
Pretection Agency Methods of Chamical Analysis of Wacer and Wastes.
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Geraghty & Muller, Inc

APPENDIX D-2:

Sample Set 2

Results of Laboratory Analyses of February, 1982
Groundwater Samples from MW-Series Monitor Wells

(samples collected 02/01/84 to 02/04/84; all values
expressed in mg/l unless otherwise specified)

$&=ole location e M2 Mo=3 M4 M=t =T =8 b e Mo-10 Mi=11
Traramitzance (V){1} 99 0 98 99 1 98 9 9% 99 1]
Field Terperatuce {°C) " 1" 16 13 12 3 13 15 2 12
B (std. units) 6.1 10.3 6.2 5.9 2.6 5.9 2.5 1.7 7.6 9.6
Corductivity (umhom/cm} {1) m 752 128 €25 ' 3636 581 820 645 820 ’62
Total Organic Carton ' 0.7 1600 2.0 4.7 230 1.4 4.5 1.7 3.4 7
Toval Diswolved Solids 226 68%0 514 426 3030 190 s 3 593 78
Total Alkalinity (CacDy) 3] 4140 "9 263 1410 5 36 259 = 187
Bicartonate (HOD) 54 1220 230 a2 1010 ™ 24 16 an ki
Cartonate (CO,) 0 1880 [ 0 M8 0 " 0 o n
Hydroxide (OH) 0 ] 0 0 o 0 s 0 ° 0
. Qhloride » 1200 12 M 50 125 » = 47 45
Fluoride 0.1 420 0.3 1.8 120 0.) 18 .6 5.5 n
Nitrate Nitrogen 0.1 2.8 0.1 2.4 0.8 0.1 <0.1 1.3 3.3 @.1
Sulfate n 329 169 ) 565 ss -0 s "3 01
Sodium H.y 2290 4.3 %2 1030 4.2 199 106 106 n:
rotassium ' 1.2 14 1.7 21 w7 2.2 .2 2.0 3.2 a1
Calcium 32.4 20.7 103 ™ 5.9 “.2 2.1 5 7. I
vagresiun 3.6 .2 15.4 14.4 3.6 1.3 1.1 5.7 7.6 2.9
lron 0.0t 5 0.03 <0.01 8.0 2.0 0.2 0.10 0.30 7.3
Margarese 0.34 2.48 3.58 4,09 1.39 472 0.04 8.02 0.26 0.37
Alumi s 0.1 .0 0.1 0.t 9.5 0.1 0.5 0.2 0.2 n
Silica (510,) 2 100 " n (3 42 12 15 o] “
Total Cyanide (1} 0.04 4.0 0.1 <0.01 M5 <0.0t 0.14 0.2 0.79 0.2
Free Cyanide (1) - - - - - - - - -, -
anmonia (1} 0 ¢ (] 0 0 0 0 0 2.4 ¢
Na/Cl Patic 0.39 1.91 1.30 1.18 1.37 0.39 s.38 4.2¢ .26 5.16
Whacge lrhalance 3.0 "1 0.2 7.1 19.2 5.7 5.8 1.5 .7 8.4

By mss bt e Bkl eaed (“A Sortd miad vyﬁ oo g—ﬁ bt e biheed bed heud Baad KL

{1) Pacammter analymsd by Ormet

unleas otherwise specilied.

= Not analyzed
0 bBelow detection

Labocatory; all other psraseters analyssd by Martal Laborstocy Setvices, Inc, (of Baltimore, Macyland)

tiote: All analytical setheds ace cither from Standard Methods for the Examination of Water and Wasteater, or U.5. Drwirorsental

Protaction Agency Methods of Chomical Analysis of Water and Wastes. Analysis for silica, TOC. and alumimm performed on NOW=

preserved sarples have beon onittad because of analyvical inaccuracy.
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Geraghey & Miller, Inc

APPENDIX D-2:

Sample Set 2 (Cont.)

Results of Laboratory Analyses of February, 1984
Groundwater Samples from MW-Series Monitor wells

(samples collected 02/01/84 to 02/04/84; all values

expressed in mg/l unless otherwise specified)

Srwmle Lwocation M2 Mive1] M4 Mo 15 Mok 1§ M1 Ma=10 =19 il 20 TH=3 TH=1%
Trargnittance (V1) 99 9 99 99 2 ”» 1n 9 99 - -
Field Terpecature (°C) 14 16 14 13 12 13 12 n 13 - -
g 15, units) 7.5 1.8 8.1 £.9 8.7 1.6 9.8 7.1 6.6 TN s
Condrocsivity (umhos/cm) (1) 476 524 500 530 2049 581 9615 575 301 556 475
==l Crganie Carbon 1.4 1.8 1.7 1.4 150 1.6 e 1.2 2.1 - -
==:al Dissolved Solids - 308 ™2 y 382 1880 mn a0 389 1S - -
Total Alkalinivy {C@JJ 141 137, 152 188 1010 228 5570 243 168 miq) 176{1)
BicaThinace HOCDJ) 172 67 185 2% 72 278 2670 296 203 - -
Caroonate th) 0 0 0 0 246 0 2028 0 0 - .
BiToxide (OH) 0 o 0 ) a 9 0 o ° N
lerice 2 k' 3 n M 367 D 400 22 n () 9
rooride 2.0 1.9 3. 0.1 % 4.4 k] 0.3 0.8 3401 t.o(n
Nitvate Nitrogen 0.6 0.4 1.2 2.7 5.5 0.5 0.3 9.1 <0.} - -
Sulfate s 113 9 [ 1] 5 ¢ - 665 57 75 - -
ScRjca 3.8 3.2 52 29.4 5710 52 750 20.2 2.9 - -
Pooas3ion 2.3 2.4 2.5 1.3 3.9 1.7 - 13.0 6.9 1.7 - -
Calzivm &6 (1] 54 M 2. [+ ] 8.2 97 16 - -
rasmesis 1.6 11.) 8.8 5.1 6.3 1.1 4.7 10.5 12,1 - -
Izon 0.02 0.4 0.06 0.13 1.9 0.3 61 0.03 0.04 - -
rarcucase 0.71 .28 0.16 <0.01 1.4 .77 0.50 0.26 t.99 - -
Alsmins 0.2 0.2 0.2 Q9.2 6.7 0.2 15 0.2 0.2 - -
Silica !Siozl 14 13 13 16 58 12 10 n 14 - -
~=zxal Cyanice (1) 0.02 0.4 0.15 0.51% 5.5 1.03 52.0 Q.04 0.04 B.16 <0,.01
Frex Cranide (1) - - - - - - - - - - -
Amenia (1) 3.7 2.9 2.4 0 0 1.3 0 8.2 1.8 o
na/Tl Iatio 0.82 0.2 1.68 0.86 1.5% .79 .88 t.70 .69 - -
¥harge Irbalance 1.8 1.7 2.5 0.2 9.3 2.9 12.4 2.5 0.2 -

(1] Paramter analyzed by Ormet Labocatory; all other parawecars analyzed by rartel Laboratory Sorvices, Inc. (of Baltizore, Maryland)

unless cthervise spacified.

= Mot analyred
0 Belew detection

teze: All snalytics) meehads sve either (rom Standatd Methexs for the Examination of Kater and Wastewater, or U.S. Envirormental

. Pretection Aquncy Methoda of Chemical Analysis of Xater and HKastes. Analysis for silica, TOC, and alurimm performed on NaOH=

FeTerwd sarples have been anitted because of anslytical imsccucacy.
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Geraghey & Miller, Inc

APPENDIX D=3

RESULTS OF LABORATCORY ANALYSES OF 1972 GROUNDWATER SAMPLES
FROM TH~SERIES MONITCR WELLS

132

September 27, 1972

TR LWL ST A reerw v mma o S

I TR R

February 1972 July 1572
Test Fluor. % Temp. Fluor. % Cl. Temp.
Hole pH pom.  Trans. ©F pH pom.  Trans.  ppm OF
TH-0 7.9 1.6 92 55 8.0 1.0 96 62 58
TH=-1 7.9 1.0 98 57 ' 7.9 1.3 77 29 56
TH-3 10.1 468 0 57 10.2 325 0 443 59
TH-4 7.0 9 74 -1 7.1 15 29 132 59
" TH=5 10.5 980 0 59 10.4 340 0 2792 59
PW 8" 10.2 550 0 57 10.7 585 74 4100 59
TH-6 11.1 950 58 51 9.8 100 17 1817 68
TH=7 5.8 250 0 - - - - - -
TH~8 10.4 770 0 54 106.3 520 0 647 57
TH-9 9.9 430 0 sS4 9.3 133 2 355 8
TH=-10 7.9 10 98 - 7.9 7 2 - 59
TH=-11 7.1 6 0 58 7.7 8 60 142 57
TH-12 €.9 0.82 97 S8 6.9 0.25 80 19 60
TH-13 7.1 .74 g8 55 6.7 0.15 73 79 56
TH-14A - - - - 10.5 12&0 0 122 69
TH~15 - - - - 8.1 1.0 87 21 63
TH-16 - - - - 8.2 1.0 98 27 59
TH=-17 - - - - 7.4 0.1‘6 93 39 58
TH-19 - - - - 8.0 1.3 $6 29 56
- Not sampled Adapted from Fred Klaer and Associates,
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Gerzghey & Miller, Inc

APPENDIX D-4

AVERAGED 1982-1983 WATER~-QUALITY DATA FOR THE
NEW INTERCEPTOR WELL

New Interceptor Well

Average Average 'Average
Average Average Trans- Total Free
DATE pH Fluoride mittance Cyanide Cyanide
(std. units) _(ppm) (percent) (ppm) (ppm)
 March 82 8.7 84 65 5.1 <0.15
April 82 .+ 9.0 77 69 5.5 0.14
May 82 9.0 68 76 6.7 0.1 e
June 82 8.0 76 76 6.0 0.01
July 82 9.0 72 74 5.9 0.12
August 82 .0 81 70 - -
September 82 8.8 82 69 - -
October 82 9.0 82 A - -
November 82 8.9 86 71 - -
December 82 - 8.9 58 74 - -
January B3 g.8 89 66 = -
N
February 83. 8.8 68 66 - -
March 83 8.8 73 71 - -
April 83 8.7 65 78 - -
May 83 8.8 69 70 - -
June 83 8.8 72 65 - -
July 83 8.8 71 66 - -
August 83 8.7 81 65 - -

= Not analyzed

Note: All analyses performed by Ormet Corporation laboratory
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Geraghey & Miller, Inc

APPENDIX D=4 (CONT'D)

AVERAGED 1982-1983 WATER-CUALITY DATA FOR THE
CLD INTERCEPTOR WELL

0ld Interceptor Well

Average Average Average

!

Average Average Trans- Total Free
DATE pH Fluoride mittance Cyanide <(Cyanide
‘ {std. units) (opm) (percent) (pom) {opm)
i March 82 * Coo* * * *
1 April 82 9.2 161 9 26.3 0.15
May 82 9.0 75 56 9.2 0.13
~ | June 82 5.0 76 51 . 6.7 .02
July 82 " B.9 75 31 5.2 0.20
August 82 9.1 87 22 - - ,
1 September 82 8.9 84 23 - -
October 82 9.1 79 26 - -
November 82 5.2 , 76 29 ‘ - -
December_az 9.1 57 31 - -
! January 83 9.2 64 34 - -
! February 83 9.1 45 39 - -
~ March 83 9.1 60 36 - -
, April 83 9.1 60 39 - -
| May 83 9.1 60 . 44 - -
.3 June 83 9.0 51 44 - -
, July 83 8.9 60 45 - -
| August 83 8.0 64 47 - -

* No sample collected; well not pumped from 2/15/82 to 4/5/82

~ Not analyzed

Note: All analyses performed by Ormet Corporation laboratory
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Geraghty & Miller, Inc.

APPENDIX D-4

(CONT'D)

AVERAGED 1982-1983 WATER-QUALITY DATA FOR THE
ORMET RANNEY WELL
- Ranney Well
— Average Average Average
Average Average Trans- Total Free
DATE pd Fluoride mittance Cyanide Cyanide
{std. units) . (ppm) {percent) (pom) (opm)
March 82 8.6 25 71 4.8 <0.10
April 82 8.7 16 80 2.3 0.05
May 82 8.5 13 82 2.4 0.4
June 82 8.5 15 81’ 2.5 0.01
July 82 8.3 15 77 2.8 0.04
August B2 B.6 14 79 - -
September 82 7.6 6.0 91 - -
October 82 7.6 : 2.6 98 - -
November 82 7.5 2.6 87 - -
December 82 7.5 1.9 98 - -
January 83 7.5 2.5 | 98 - -
February 83 7.5 2.1 97 - -
March 83 7.5 2.9 99’ - -
April 83 7.5 2.3 99 - -
May 83 7.7 2.2 99 - -
June 83 7.4 1.6 99 - -
July 83 7.4 1.9 99 - -
August 83 7.3 3.4 97 T -

- Not analyzed

Note: All analyses performed by Ormet Corporation laboratory
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Geraghey & Miller, Inc

- APPENDIX E
Bedrock Elevation Data,

QOrmet Corporation,
Hannibal, Chio

[}

136

b : T S— /T V. Jpuna o < ) Lagy -~ - - P g o e | N gt S T



u

Lel

P ’ .. e ntiatd [ [T Attt Amin il M L‘.;

Q
. ©
Appendix E UEC;.'
R
Approximate Depths to and Elevations of Bedrock Ro
Beneath the Ormet Plant Site Z
-ﬂ:
Nproximate Apptoximate Approximate Approximate Approximate  Approxinate ':
Ground Depth to Dedrock Ground Depth to kodrock a9 .
Location Elevation pedrock " Elevat ion Location Elevation Bedrock Elevation Y
{ft_above MSL) {EE) {£t_above MSL} _{ft_above MSL) {Et)  (ft above bSL)
w3 630 72 558 -1 666.3 67 599
KTH-8 630 68 562 -2 666.0 86 580
"o~y 630 6 567 -3 643.1 76 567
-1 66 >99 <564 n-4 6549.3 91 566
2-3 666 »10) <563 -5 666.2 45 571
-4 650 >u8 <562 -G 664.0 51 6t
n-5 652 >85 567 -7 666.2 77 )
-6 646 62 <584 Hy-0 666.6 91 S09
m-7 657 >73 <504 . -9 665,2 101 564
-8 649 >72 <577 Me-10 665.6 - 100 566
-9 646 - >79 <567 Ma-11 665.7 96 570
=10 658 55 603 M2 635.0 67 Su8
™H-11 658 56 602 H-13 659.3 88 571
m-12 635 > <564 Ma-14 651.9 86 566
™H-13 628 65 <563 H+-15 655.4 55 600
™m-14 652 . 5% . 603 Ma-16 660.9 84 577
H-14A 652 69 583 T RY 653.8 77 577
™-15 663 102 561 MA-10 658.8 59 600
MH-16 663 102 561 M- 19 660.4 64 596
117 662 9 569 -20 630.8 65 566 |
TM-18 €61 83 578 i
™m-19 661 >104 <560 . |
8-inch 662 293 <569

Note: Depths to and elevations of bedrock reference relatively well-indurated basement rock; several feet of weathered rock i
{saprolite) may be present above this basement. t

~
)
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Geraghty & Miller, Inc

APPENDIX F

Certificates of Laboratory Analyses
by Martel Laboratory Services, Inc.

F-1 Certificates of Analyses of
December 1983 Groundwater
Samples

F-2 Certificates of Analyses of

February 1984 Groundwater
Samples
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_;;'75‘_4?} = ificate of Lab i
g JoyssEy g Certificate 0 oratory Analysis

-
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Martel Laboratory Services, inc. 1025 Cromwell Bridge Road Baltimore, Maryland 21204 (301) 825-77¢
trveice Nurnber Page of

11903 s Paget
Seme'a

W-4737 19 Groundwater samples picked up by Martel Laboratory
Servicea on January 3, 1984. Second revised report (includea
fluoride resaults.?

Geraghty & Miller, Inc.
844 Weast Street .
Annapolis, Maryland 21401

At+tn! Mr. Cleaaon Smith February 28, 1984
Sanple MWw-1 MWw-1 Mw-2 Mw-2 MW-3
NF NF .’
PH &.4 - 10.3 ————— ‘6.3
Total QOrganic Carbon . 1.4 i3 800 820 2.9
Total Dissolved Scolids 226 ———— 7560 | —-——— 613
Total Alkalinity (CaC03) SS9 ————— 3980 -—— 357
Bicarbonataea (HCO3) 72 - 1440 - 4386
Carbonatasa (CQ03) (o] ——— 1640 ———— s}
Eydroxidea (OH) o] - o] ——— (o]
Chloride 37 ———— S00= -———— 31
Nitrate Nitrogen 0.1 - —— i.e c——— 0.1
SulZate 19 ——— 263 ——— 166
Sodium 14.2 14.0 1950 2200 39.2
Potasasium ‘ 1.3 2.1 4.3 47.5 1.2
Caledium 33.3 31.4 20.6 37.8 iq4
MYagnaaium 6.8 11.9 2.0 18.6 15.2
iron .04 €8.8 55.2 178 0.92
Xanganeaae 0.65 4.67 1.98 8.88 5.06 -~
Aluainum <0.1l 3 6.6 180 0.1 :
Silica (5i02) 25 a5 190, 92 22
Fluoride .1 ———— 400 ——- .1
139
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Appendix F-1 (cont.)

[ v

[

Sanple

pH

Total Crganic Carbon

Total Dissolved Solids

Tetal Alkalinity (CaCO3m)
Bicarbanates (HCO3)
Carbonatesa (CO%)
Hydroxidea (OH)

Chloride

Nitrate Nitrogen

Sulfate

Sodiunm

Potassjium

Calcium

Magnesaiunm

Iron

Nanganese

Aluminum

Silica (Si02)

Fluorida )

Sanple

pH :

Tetal Organic Carbon

Total Diamoclvaed Solida

Total Alkalinity (CaCO3)
Bicarbonatea (HCO3m)
Carbonates (C03)
Hydroxidea (CH)

Chloride

Nitrate Nitrogen

Sulfate

Sodium

Potaasium

Calcium

Magnesium

Iron

Hanganase

Aluminum

Silica (SiQ2)

Fluoride

MW-4

7.1
3.9
411
249
304

32
2.2
&80
41.3
3.2
-1-]
14.9
Q.08
4,76
<0.1
12
1.6

Mw-8
NF

S3

MW-5

9.7
260
3040
1340
952
336

S00=
7
457
880
4.3
10.4
2.1
17.3
l1.61
4.1
35
130

7.7

140

36

487
230
3058

30
1.6
a1
111
2.3
60
6.0
Q.12
<0.01
<0.1
17
6.8

Mw=-5

800

920
9.2
11.5
3.8
28.2
2.33
21
62

Hw-10Q

7.7
S.1
854
2486
300

75
6.5
288
195
8.0
93
8.7
0.60
0.26
c.1
25
6.9

MW-7

6.8
2.3
466
84

100

126
0.1l

42.0
2.7
61
13.1
1.01
7.88

€0.1

40
0.1

Nw-11

9.6
23

a0s
368
285

Mw-11
NF

24
167
204

256
9.8
3.4
2.2
li.s
C.46
26
413

gy Y ——



Appendix F-1 (cont.)

- —

Sample

pH .

Total Organic Carbon

Total Disaclved Solids

Total Alkalinity (CaCO3)
Bicarbonatea (HCO3)
Carbonates (CO3)
Rydroxides (QOH)

Chloride

Nitrate Nitrogen

S5ulfate

Sodium

Potassium

Calcium

Nagnesium

Iron

Manganesae

Aluminum

Silica (S102)

Fluorida

Sanple

Total Organic Carbon

Total Dissolved Solids

Total Alkalinity (CaC03)
Bicarbonates (HCO3)
Carbonates (C0O3)
Hydroxides (OH>

Chloridae

Nitrate Nitregen

Sulfate

Sodium

Potassiunm

Calecium

Nagnesium

Iron

Nanganeae

Aluminum

Silica (S102)

Fluoride

HW-12

7.5
2.9
31

187
204

27
1.1
S5
24.3
2.8
74
1l1.8
<g0.01
0.94
<0.1
14
2.1

Hw-1e
NF

280

S50
16.3
23.4
12.9
66.7
2.83
78

. 310

MW-13

7.2
2.8
381
255
312

Q0

39
4.4
99
25.1
3.2
76
12.%
<0.01
5.10
<0.1
i3
1.2

MW-17

7.9
2.5
403
277
378

29
2.4
73
78
1.8
S8
9.3
Q.44
1.38
0.1
14
5.8

141

Mw-14

8.0
2.5
319
168
205

28
0.4
&8
40,7
2.6
59
9.9
.30
0.23
<0.1
14
3.0

Mw-18

9.9
320
8640
6390
2430
2630

700+
ag.s
€0
31350
12.8
13.86
4.1
58.7
C.26
4.8
220
460

Mw=-15

5.9
4.5
333
191
233

34
2.8
68
28.8
1.2
112

8.3

0.14
0.03
€0.1
hY -
C.1

- MW-18

NF

320

3180
37.0
12.2
11.4
103
1.52
93
280

MWw-18

9.8
220
2130
1020
S12
380

600~
8.5
130
3530
3.0
14.6
4.4
12.4
0.91
2.4
53
110

NMW-13

7.2
2.3
387
255
311

31
0.1

22.9
S.4
108
10.5
£0.01
0.354
0.1
17
0.3
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Sample Mw-20
pH 6.7
Total Organic Carbon 2.6
Total Dissolved Solids 232
Total Alkalinity (CaC(3) 176
Bicarbonates (HCQ3) 215
Carbonatea (C03) o]
Hydroxidaea (OH)} ¢
Chloride 3
Nitrate Nitrogen .1
Sulfate 68
Sodium 24.0
Potasasiunm 1.5
Calcium 84
Magnesiun 12.0
Iron <0.01
Manganese 2.02
Aluminum c.1
Silica (Si02) 14
Fluoride 0.6

[y

———

-—

NF designates analysis on non-fixed samples if primary analysis
ie performed on fixad samplaa.

s designates analytical rlsults reported to one significant
figure due to +the high background interferences prasant.

All results are reportsd as mg/liter.

Q;C’.b.aﬁﬂu&?,

@. G. Eq@/hrd., Ph. D.
ice Preaidant

anry

.

-

142



e

Martel Laboratory Services, Inc.

imeoice Number
12281

Samp'e

[ ST S )

Servicesa on Febraury 6, 1984.

Geraghty & Miller, Inc.
844 Waat Streat

Annapolia, Maryland 21401

1025 Cromwell Bridge Road

Attn: ¥r. Cleascon Smith '
Preser-
} Analysis vative ~ HW-1
pH neat 6.1
! Total Organic Carbeon H2504 0.7
Total Organic Carbon NaOH 1.1
Total Dissoclved Scolids neat 226
1 Total Alkalinity (CaCOz)neat s3
Bicarbonates (HCO3) 64
Carbonates (C03) 0.
Hydroxides (OHD )
1 Chloride neat 38
Nitrate Nitrogen neat 0.1
) Sulfate neat 31
? Sadium HNC3 14.9
' " Potaasium HMO3 1.2
Calciunm HNC3 32.8
1 Magnesaiun HNOZ 3.6
H Iron HNO3 0.01
Nanganese HNO3 0.54
! Aluminum HNO2A 0.1
: Aluminum NaOH 0.1
Silica HNG3 24
Silica NaOH 19
; Flucride neat 0.1
Y
!
13
143
J L'amoher american Socisly for Testing and Materials

February 28,

-

Baltimore, Marytand 21204

Page

1984

425
263
321

34
2.4
69
29.2
3.1
75
14.4
<0.01
4.09
©.1
c.1
11

1.3

~ (301)825-77

aof page:

W-5112 19 Groundwatar zsamples picked up by Martel Laboratory
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L IR j P - Appendix F-2 (cont.)
Preosar-
Anglvsis vative_  HW-3 Hw-7 iw-8 Hw-9
pH - neat 9.6 5.9 9.5 7.7
Total QOrganiec Carbon H2504 2300 1.4 4.5 1.7

i Total Organic Carbon NaQH 1800 1.4 6.4 2.1
Total Diassolved Solids neat 3030 398 628 483

\ Total Alkalinity (CaCQ3)neat 1410 &5 218 259

Bicarbonates (HCO3) 1010 79 234 316

Carbonatea (CO73) 348 o 74 0

Hydroxidea (OH> o] o) o] 0
Chloride neat 750 125 37 25
Ni<rate Nitrogen neat Q.8 <0.1 <0.1 1.3
Sulfate neat 585 55 80 80
Sodiunm HNO3 1030 49,2 199 106

l Potassatum HNO3 4.7 2.2 1.2 2.0
Caleium HNO3 9.9 44 .2 2.1 51
Magnasium HNO3 3.6 11.3 1.1 5.7

i Iron HNO3 18.0 9.0 0.23 0.10
Manganese HNO3 1.39 4.72 0.04 0.02
Aluminun HNC3 e.3 0.1 0.5 0.2

| Aluminumnm NaOH 6.8 0.1 0.5 0.1

{ Silica HNO3 &3 42 12 135
Silica NaOH 32 38 12 17

{ Fluoride neat 120 0.1 8 6.6

Preser-

, Apzlysis vative  MwW-10 MW-11 0 MW-12 0 MWo13

]

[ PH neat 7.6 9.6 7.5 7.5
Total Qrganic Carbon H2504 3.4 17 1.4 1.8
Total Organic Carbon NaQOH 3.6 i6 0.9 1.4
Total Digsolved Solida neat 583 778 308 352
Total Alkalinity (CaCO3)nest 224 3487 141 137

Bicarbonates (HCO3) 273 323 172 147

Carbonataa (C03) L] 73 o] 0

Hydroxides (OH) o 0 ° o
Chloride neat 47 45 29 34
Nitrate Nitreogen neat 3.3 <0.21 0.6 0.4
Sulfate neat 183 101 85 113
Sodium HNO3 106 232 23.8 31.2
Potasaiunm HNQO3 3.2 4.1 2.5 2.4

J Calcium HNO3 78 3.3 86 68
Xagnesium HNO3 7.6 2.9 ii.8 . 11.1
Iren HNO3 0.30 7.9 0.02 Q.14
Nanganase HNO3 0.26 0.37 0.71 2.29
Aluminum HNO3 0.2 20 0.2 0.2
Aluminum NaOH <0.1 8.0 0.1 Cc.1
Silica HNO3 20 94 14 13
Silica NaOH 18 37 12 .10
Fluoride neat 5.5 27 2.0 1.5
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“-ﬁi7~:':“7 P Appendix F-2 {cont.)
AU A J b A T, °
Preser-
Analysis vagive,  HW:-i4 HW=-13 Hw-16 HwW=17
pH neat 8.1 €£.9 9.7 . 7.6
Total Organic Carbon H2504 1.7 1.4 190 1.8
Total Organic Carbon NaQH 1.3 1.1 170 1.3
Total Disaclved Solids neat 327 382 1880 371
Total Alkalinity (CaCO3)neat 152 iss 1010 228
Bicarbonatea (HCQ3) 185 229 732 278
Carbonates (CO03? Q o] 246 - 0
Hydroxideas (OH) o 0 ¢ o)
Chloride neat 2 34 367 29
Nitrate Nitrogan neat 1.2 2.7 5.5 Q.5
Sulfate neat 94 80 181 69
Sodium HNO3 52 29.4 570 52
Potassium HNO3 2,35 1.3 3.9 1.7
] Calcium HNO3 84 94 22.1 69 (1
Magnesium HNO2 e.8 - T 6.8 1.1
Iron HNO3 0.086 0.13 13.9 0.39
! Manganese HNQO3 0.16 0,01 1.41 1.77
H Aluminum HNO3 0.2 0.2 6.7 0.2
Aluminum NaOH £0.1 0.1 6.0 <0.1
Silica HNO3 13 ie 58 12
] Silica NaOH 13 18 49 11
Fluoride neat 3.1 0.1 [8 4.4
] Preser-~ ]
Analysis vative  HM¥-l8  HW-19  HW-20
. pH neat 9.8 7.1 6.6
, Teotal Organic Carbon H2504 170 1.2 2.1
’ Total Organic Carbon NaOH 200 0.6 1.9
Total Diamclved Solids neat 7440 .369 33s
! Total Alkalinity (CaCO3)neat 5570 243 166 —
) Bicarbonatea (HCO3) 2870 296 203
Carbonates (C0O3) 2028 o] (4]
' Hydroxides (QOH) o] Lo} (o]
; Chlorida neat 80 29 33
Nitrate Nitrogen neat . 0.3 0.1 <0.1 N
Sulfate neat 663 67 73
Sodium HNQ3 2750 20.2 22.9
Potaasium HNQ3 13.0 &.9 1.7
Caleium HNO3 a.2 97 76
! Magnesium HNO3 4.7 10.5 . 12.1-
! Iron HNQ3 61 0.05 0.04
Hanganese HNO3 Q.50 0.26 1.99
3 Aluminum HNQ3 15 0.2 0.2
Aluminum NaOH 6.6 <0.1 0.1
Silica HNO3 110 13 14
Silieca ‘NaOH 30 12 11
_ Fluoride neat 350 c.3 0.3
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All rasults reported as mg/liter on samples as received.
Preservatives are indicatmsd. Carbonates, Bicarbonates, and
Hydroxidaa are calculated £from tha two atep alkalinity titratian.
All procaduresa are either from Standard Methoede for tha
Examination of Water and Wastewater, 15th edition, or U.S.
Environmental Protaction Agency Methods of Chemical Analyaias of
Water and Wamtes, 1979.

Vice Presidaent




CYANIDE AMENABLE TO CHLORINATION

ANALYTICAL RESULTS FROM MOST RECENT SAMPLING EVENTS
FROM MONITORING WELLS INSTALLED FOR THE PURPOSE OF MEASURING

Date Sampled
2/23/90
2/22/90
6/30/88
6/30/88
2/23/90
2/23/90
7/5/88
6/28/88
6/28/88
6/27/88
6/27/88
2/23/90
6/29/88

6/29/88

POTENTIAL IMPACTS FROM THE FDPS

MW-14
MW-17
MW-338
MW-33D
MW.348
MW-34S Dup.
MW-34D
MW-398
MW-39D
MW-40S
MW-40D
MW-428
MW-42D

MW-42D Dup.

Cyanide Amenable to
Chiorination {mg/L)

0.0676
<0.005
<0.01
<0.01
0.026
0.0416
<0.01
0.10
0.03
<0.01
<0.01
0.079
<0.01

<0.01
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: M s UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
- Sl . REGION S
7T WEST JACKSON BOULEVARD

CHICAGO. IL 60604-3590

SEPLY TO THE ATTENTION OF

00T 12 1993

Mr. Jehn D. Reggi
Ormet Corporation
P.O. Box 176
Hannibal, ohioc 43931

Dear Mr. Reggi:

U.S. EPA has completed its review of Ormet's draft FS Report
which U.S.EPA received on April 27, 1993. while U.S. EPA
disagrees with many of Ormet's characterizations of facts, U.S.
EPA is no longer requiring modification of such, except as
provided in the attached addendum.

Ormet has hbeen given the opportunity to make the necessary
changes to the Feasibility study (FS) Report in the past, but has
failed to satisfactorily perform this task. Many of the comments
that were provided to Ormet in a letter dated October 3, 1991,
disapproving a draft FS, had to be repeated in another letter
dated January 3, 1993, disapproving a subsequent, revised draft
F8. 1In that letter, the Agencies (the U.S. EPA and the OhioEPA)
specified that "[wlhile the Agencies want to reemphasize their
previous offer to help Ormet submit an acceptable document, U.S.
EPA and OEPA reserve their rights to complete the RI/FS under the
terms of the Order if the next submittal is not a Final FS
Report. A Final FS Report must incorporate all of the enclosed
comments, including the Appendix F comments sent to you by our
December 11, 1992 letter." (Emphasis in original) A Final,
approvable FS Report was not submitted by Ormet. Again, Ormet
failed to satisfactorily incorporate the Agencies' comments. The
constant refusal to do so by Ormet has caused significant delay
in the cleanup of this site.

Consequently, U.S8. EPA has explicitly set forth the necessary
modifications to the April 1993 F8 Report in the attached
addendum. Should Ormet accept these modifications, Ormet can
simply submit a clean copy of the April 1993 FS Report with this
addendum attached to it as an introductory section, and U.8. EPA
will deem the P8 a final document. Should Ormet reject these
modifications, however, the F8 will be deemed disapproved as of
the date upon which the revised document is due under the
Administrative Order by Consent (CO), or as soon as Ormet
notifies U.8. EPA of its rejection of the propcsed modifications,
whichever occurs first. U.8. EPA will then proceed to complete
an FS Report, as was anticipated under Section XXIV of the CO.

@ Printed on Recycled Paper



This is the last opportunity for Ormet to submit an approvable,
Final FS Report. U.S.EPA hopes that Ormet will accept these
modifications and submit a Final FS, comprised of the enclosed
addendum supplementing a clean copy of the April 1993 FS Report.

No extension to the deadline upon which a Final FS8 Report is due,
as set forth in Section X of the CO, will be granted by the
Agencies because all of the necessary modifications have already
been made for Ormet. All that is necessary for Ormet to do is to
remove the red-lined format and delete the strike-out provisions
of the FS. The CO provides plenty of time for Ormet to complete
such minor tasks.

U.8. EPA is looking forward to your response and is quite
optimistic that you will find the attached modifications
accaptable.

-
sincorely,g % _ S o
Rhonda E. McBride
Remedial Project Manager
U.S8. EPA
CC: Rick Wiedman, Eckert, Seamans & Mellot Attorneys at Law
Gene Bollo, Ormet Corporation
Emit Boyle, Ormet Corporation
-



ORMET CORPORATION

{'&‘ ER LA "?-7_ 4 ‘ P.O. BOX 176
" r . .
ﬁ}jg Y A, HANNIBAL, OHIO 43931
Rl (614) 483-138] Fax: (814) 483-2622

December 1, 1993

Ms. Rhonda E. McBride

Ormet Corporation RPM

Hazardous Waste Enforcement Branch (SHS-11)
Waste Management Division

U.S. Environmental Protection Agency

Region V

230 S. Dearborn Street

Chicago, IlI. 60604

and

Ms. Kay Gilmore Gossett

Ormet Site Coordinator

Ohio Environmental Protection Agency, SEDO
2195 Front Street

Logan, Ohio 43138

RE: Ormet Corporation -- Administrative Order
By Consent Re: Remedial Investigation And

~ Feasibility Study; U.S. EPA Docket No, V-W-§7-C-013

Dear Ms. McBride and Ms. Gossett:

Enclosed is the Feasibility Study ("FS") Report for the Ormet Corporation
("Ormet") Superfund Site (the "Site”). At your direction we are providing 10 copies of the
Report to the United States Environmental Protection Agency ("EPA™) and 3 copies to the
Ohio Environmental Protection Agency ("Ohio EPA") (sometimes referred to collectively as
the "Agencies”) and we have included EPA's Addendum (the "Addendum®) at the front of
the Report.

The FS Report as originally drafted by Ormet met or exceeded the require-
ments of the Administrative Order on Consent between Ormet and the Agencies (the "CO").
That draft was submitted to the Agencies for review in strict accordance with an agreed to
expedited schedule in January, 1991. Since that submission, at the direction of the Agencies,
numerous revisions have been incorporated into the document. Most recently Ormet was

A New Generation of Aluminum




Ms. Rhonda McBride
Ms. Kay Gilmore Gossett
Page 2

December 1, 1993

directed to include the above referenced Addendum. Ormet does not agree with the validity
or utility of many of the changes which have been forced into the document over the last
several years. However, subject to the express disclaimer included on the face sheet of the
Addendum, as discussed with you and agreed to at our meeting in Chicago on November 1,
1993, Ormet has completed the FS Report as directed. Ormet specifically reserves and does
not waive any rights including, but not limited to, the right to object to and comment upon
any aspect of the Proposed Plan which may refer to or rely upon the FS Report.

Based upon the Agencies’ letters dated October 12, 1993 and our November 1,
1993 discussions in Chicago, Ormet is submitting the FS Report including the Addendum
with the understanding that the FS Report is complete and will be accepted by the Agencies
in satisfaction of the requirements of the CO. Upon acceptance, we will distribute signature
pages for execution on behalf of Ormet and the Agencies. Several of the changes as well as
some of the pejorative remarks contained in the Agencies’ October 12, 1993 letters warrant a
written response and are addressed below.

General Comments

‘Throughout the FS process, Ormet cooperated with the Agencies and diligently
prepared an FS Report which was technically and factually sound as originally submitted.
After addressing a voluminous and often inconsistent series of comments over the last three
years, the FS Report now consists of thousands of pages of text and appendices and contains
analyses of potential remedial measures for the conditions at the Site which far exceed the
level of detail found in many FS reports approved by the Agencies for other Superfund sites.
Ormet takes exception to the Agencies’ mischaracterization of the FS Report as deficient and
takes particular exception to any implication that Ormet is in any way responsible for a delay
in the determination of remediation, if any, for this Site.

" As noted above, Ormet agreed to an expedited schedule in January, 1991 as
an accommodation to the Agencies. Despite a revision process which can at best be
characterized as cumbersome, Ormet met its deadlines. The delays in the process, if any,
are rooted in the Agencies’ failure to coordinate and review submissions on a timely basis,
the piecemeal approach imposed by the Agencies in the preparation of the FS Report and
completion of the RI Report and the inconsistent and disjointed comments to which Ormet
had to respond. Often Ormet was directed to remove language only to be criticized
thereafter for not addressing the very issue and to find almost identical language ultimately
included in the Addendum. Specific examples include the relocation of Outfall 004, the
failure to identify at any time (until November 10, 1993) the purported deficiency in cap
design under OAC 3745-27-11 and the inclusion of pew ARARS as recently as October 12,
1993. In addition, the process has been delayed by the failure of EPA’s contractor to
properly and competently conduct the Baseline Risk Assessment ("BRA"), which had to be



Ms. Rhonda McBride
Ms. Kay Gilmore Gossett
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December 1, 1993

corrected twice at significant expense to Ormet. As the BRA ultimately confirmed, the
Ormet Site poses no current risk of practical significance. Ormet is an operating industrial
facility situated in a sparsely populated, heavily industrialized area. However, rather than
acknowledge this reality, the process has been further delayed by the Agencies’ consistent
failure to address the Site in context which in some cases involved blatant manipulation and
preselection of inappropriate remedies contrary to CERCLA, the NCP and the approach
taken by the Agencies with respect to other sites. While Ormet certainly agrees that the
RI/FS process has been unnecessarily complicated, lengthy and costly, to suggest that Ormet
bears responsibility for any material delay in this process is counter productive and contra-
dicts the well documented history of the program administration of this Site. Indeed, it is
worth noting that after spending over $2.5 million on the RI/FS, the practical results are no
different than disclosed in the groundwater report Ormet submitted to Ohio EPA in 1984.
As the Agencies are aware, Ormet, with some difficulty, sought and obtained the concur-
rence of both Agencies to enable it to move forward with the groundwater treatment facility
which is currently under construction.

Specific Comments
Groundwater

The elimination of alternate concentration limits ("ACLs") from future
consideration based upon information currently available is inappropriate and technically
unsound because there is insufficient data available to determine whether it will be practica-
ble to attain MCLs in the groundwater. A technical evaluation of the potentiat for aguifer
restoration is contained in Appendix K and although the conclusion reached is that MCLs
may be achievable in the future, the feasibility of aquifer restoration, as recognized by EPA
in a number of published reports, is very difficult to predict. Section 121(d) of CERCLA, 42
U.S.C. §9621(d) and 40 C.F.R. § 300.430(e)(2)(i)(F), provide that the application of an
ACL should be ¢onsidered at a time when there is enough information to determine whether
it is practicable to attain MCLs. As evidenced by the absence of a technical justification in
the Addendum, there is no basis for concluding at this time that MCLs can be practicably
attained in the aquifer beneath the Site and, therefore, it should be recognized that the
application of ACLs at some time in the future may be appropriate.

With regard to the discussion of the risk associated with groundwater, the text
of the FS Report as submitted by Ormet accurately paraphrases the BRA which concluded
that no existing populations are exposed to the groundwater at the Site. Since no existing
population is currently exposed to groundwater, there is no current risk. EPA’s conclusion
that there is a current risk associated with groundwater because the BRA concluded that
hypothetical future residents could drill drinking water wells and thereby be exposed to
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contaminated groundwater, is a gross distortion of reality. The statement in the FS Report
that there is no current risk associated with groundwater is accurate.!

Flood Control Measures

The Addendum and Ohio EPA’s letter erroneously indicate that the FS Report
is deficient because it does not contain a remedial measure which satisfies the requirements
of OAC 3745-54-18 which provides that containment measures associated with hazardous
waste landfills located in the 100 year floodplain should be constructed to prevent washout.?
In particular the failure to establish the presence of the natural levee along the entire face of
the CMSD and the failure to provide for the protection of the seep collection system from the
effects of 100 year flood conditions were inappropriately identified as deficiencies in the FS

Report.

The incorporation of the natural levee into remedial measures for the CMSD is
based upon data collected during the RI which appear to indicate that there is a natural levee
along the face of the CMSD. The full extent of this natural levee has not been evaluated at
this point because such an evaluation is beyond the scope of the RI/FS process. If a remedy
is selected for the CMSD which utilizes the natural levee, additional data will likely have to
be developed to evaluate precisely how the natural levee would be incorporated into the
containment measure. An engineering evaluation of this nature would be performed during
the remedial design phase.

Moreover, the presence of the natural levee is not critical to the technical
sufficiency of the containment measures conceptualized in the FS Report. Should it be
determined during the remedial design phase that the natural levee is not adequate for the

'The hypothetical scenario contravenes existing guidance and the realities of the Site, j.e,,
Ormet is an operating industrial facility located in sparsely populated, but heavily industrial-
ized area. Even if this scenario were considered reasonable (and it is not), it cannot form the
basis for concluding that there is a gyrrent unacceptable risk associated with groundwater.

’The requirements of OAC 3745-54-18 are siting criteria which apply on a prospective basis
and do not apply retroactively to facilities such as Ormet’s construction materials scrap dump
("CMSD") which was located in the floodplain prior to the promulgation of this regulation.
Since the jurisdictional prerequisites to the applicability of this regulation are not satisfied,
contrary to the statement in Chio EPA’s October 12, 1993 letter this requirement cannot be
and is not "applicable.” Moreover, any administrative determination regarding applicability
wotld be improper since all ARARs must be identified solely as potential throughout the FS
process.
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intended purpose, the function to be served by the levee will be addressed through the use of
other engineering measures.

Similarly, the seep collection system discussed in the FS Report obviously has
not been designed at this point and the precise nature of the seep collection system is not
critical to the conceptual discussion of this remedial measure in the FS Report. There are a
variety of ways to design seep collection systems and if a remedy is selected which incorpo-
rates a seep collection system, protection of that system will be addressed during the
remedial design phase.

The Addendum also contends that the containment measures described for the
CMSD do not provide for adequate “freeboard, which may be necessary because of wave
action in the Ohio River . . . . The evaluation of freeboard is also an issue properly suited
for consideration during the remedial design phase. Nonetheless, a review of the FS Report
clearly discloses that freeboard was addressed. Figure 5.9 shows that revetments would be
placed above the 100 year flood level and the amount of material needed for freeboard was
factored into the volume calculations for these materials contained in the FS Report. The
precise amount of freeboard which might be necessary would be evaluated during the
remedial design phase. Moreover, though not applicable, these measures are fully consistent
with OAC 3745-54-18 and the parallel federal provision from which it is derived.

Yegetative Soil Covers

"The Addendum’s discussion of routine maintenance preventing plants and
burrowing animals from penetrating the soil cover containment measure discussed in the FS
Report is redundant. This discussion and the comparison of the soil cover containment
measure to the solid waste closure standards contained in OAC 3745-27-11(G) add nothing to
the technical sufficiency of the FS Report and provide no discernible benefit to the reader in
terms of clarity or ease of understanding.

Comparison of Capping Measures

The Addendum’s comparison of single barrier clay caps to single barrier caps
utilizing a synthetic membrane appears to be little more than a misleading manipulation of
the FS to improperly exclude from consideration single barrier caps utilizing a synthetic
membrane as the impermeable layer. The text of the FS Report provides a balanced
discussion of the pros and cons of single barrier caps utilizing synthetic membranes as
compared to clay for the impermeabie layer.

In addition, the suggestion that the single barrier cap depicted in the FS Report
is deficient because it does not incorporate a 2’ thick layer of common borrow to protect the
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impermeable layer from root penetration and freeze and thaw is inappropriate. QAC 3745-
27-11 does not require a 2’ thick Iayer of common borrow. To the contrary, OAC 3745-27-
11{G) provides, in pertinent part, that:

A vegetative layer consisting of soil and vegetation, placed on
top of the granular drainage layer. The soil shall be of suffi-
cient thickness and fertility to support its vegetation and to
protect the soil barrier layer for damage due to root penetration
and frost.

The conceptual drawing included in the FS Report depicts a 15" thick vegetated soil layer
which meets or exceeds the performance criteria specified in OAC 3745-27-11(G). The FS
Report is intended to provide in conceptual form the types of remedial measures which are
suitable for a given site. Moreover, it is worth noting that throughout the three years it has
taken to complete the FS Report it was not until the November 10, 1993 revision to the
Addendum that Ormet was informed for the first time that the thickness of the soil layer
formed the basis for the Agencies’ comment.

In order to avoid controversy, the discussion of the long term reliability of the
various capping alternatives incorporated into sitewide remedial alternatives, i.c., that both
single and dual barrier caps are considered to be reliable over the long term, was intentional-
ly drafted to mirror the discussion contained in an FS Report recently approved by the
Agencies for a site located in southeastern Ohio.

Appendix K

The discussion in the Addendum regarding the aquifer restoration analysis
contained in Appendix K to the FS Report is incorrect and misleading. The assumptions
presented in Appendix K are based on site-specific data and constitute realistic assumptions.
The estimate of the pumping rate of the hypothetical wells is based on a calculation of the
volume of groundwater flowing through the aquifer along the downgradient boundary of the
former spent potliner storage area (the "FSPSA") and accepted guidelines. Moreover,
regardless of the number of wells utilized to extract groundwater, the total pumping rate
required to capture the groundwater passing through that section of the aquifer will be no
different than the pumping rates utilized in the analysis contained in Appendix K.

Similarly, projected removal rates for the cyanide (which is predominantly an
iron-complexed non-toxic compound) and the level at which the cyanide concentrations in the
pumping wells would level off is based on actual data. Although wells placed closer to the
source area would be expected to extract groundwater containing higher concentrations of
contaminants, the total mass removal rate, which is the primary measure of the effectiveness
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of groundwater remediation would be the same under either the existing pumping scenario or
the hypothetical scenario discussed in Appendix K.

The specific modifications contained in the Addendum also are incorrect and
are addressed below:

1. The statement regarding the effect of containment mea-
sures at the FSPSA and the impact on aquifer restoration
time periods is redundant. The FS Report as drafted
states that treatment and/or capping of the FSPSA would
be expected to decrease the restoration time period by
some amount of time. If the statement in the Addendum
is intended to imply that the highest and best use of that
portion of the Ohio River Valley aquifer beneath the
Ormet plant site is anything other than industrial, it is a
gross mischaracterization. There is no reasonable po-
tential for any use other than industrial for this site
throughout the foreseeable future.

2. The location of extraction wells under GW-3 has already been deter-
mined as these wells are currently in place and operating efficiently.

3. It is estimated that groundwater alternatives GW-5 and GW-3 would
result in restoration of the aquifer in 36 to 38 years, respectively. A
combination of GW-3 and GW-5 would not result in a shorter restora-
tion period. The statement that a combination of GW-3 and GW-5
would result in achievement of MCLs in a slightly shorter amount of
time is without scientific basis and at best is misleading since the
distinction between 36 and 38 years in this context is meaningless.

4, There is no basis for contradicting the statement contained in the FS
Report that a treatability study to determine whether NPDES permit
limits can be achieved could be completed more quickly than the three
years estimated by Ormet. The three year time estimation for the
treatability studies is based upon Ormet’s extensive experience with the
treatability studies associated with the development and design of the
groundwater treatment system currently under construction.



Ms. Rhonda McBride
Ms. Kay Gilmore Gossett
Page 8

December 1, 1993

Appendix F
nstitutional Control

The statements in the Addendum and Ohio EPA’s letter that institutional
controls have been utilized improperly in the FS Report are incorrect. At no time have
institutional controls been utilized as stand-alone measures in lieu of active remedial response
measures and statements in the Addendum and correspondence to the contrary are incorrect
and misleading. Each sitewide alternative developed in the FS Report, except the no action
alternative required by the NCP, includes active remediation and institutional controls.

Ormet is an operating industrial facility located in a rural but heavily industrialized area.
Accordingly, the Ormet site is very well suited for the utilization of institutional controls to
enhance the effectiveness of any active remedial measure.

At the last project review meeting it was agreed that Ormet would develop
remedial action goals in accordance with the Risk Assessment Guidance for Superfund, Part
B, and that Ormet would include cleanup goals for both residential and industrial scenarios.
In a letter dated March 4, 1993 and signed by representatives of Ohio EPA and EPA, the
Agencies stated that: "[i]Jf Ormet wishes, they may present goals for the Industrial Use
Scenario in addition to the Residential Use Scenario remedial action goals.” See Letter from
Rhonda McBride and Richard Stewart to John Reggi dated March 4, 1993. Appendix F to
the FS Report presents cleanup goals based upon both a residential use scenario (See Tables
F-7 and F-8) and an industrial use scenario (Se¢ Table F-12). This was entirely consistent
with the agreement reached at the project review meeting and the suggestion that the FS
Report was deficient because it contains both scenarios is inappropriate.

Appendix F contains health-based remediation goals for each media where
there is a reasonable potential for exposure. Instifutional controls are 2 component of each
sitewide remedial alternative, except the no-action alternative, and under each sitewide
alternative institutional controls will effectively block certain exposure pathways. For
example, under sitewide alternatives 3 and 4, institutional controls such as a deed restrictions
and fencing would be utilized in conjunction with different capping scenarios. The institu-
tional controls merely supplement the active remedial measure of capping and yet the
institutional controls alone will eliminate the potential for future residential use of that area.
Therefore, because there is no potential for future residential use and no exposure pathway
for residential use of groundwater, no remediation goal is warranted for groundwater. This
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approach is consistent with the approach taken in Attachment 1 to the Addendum where EPA
states that:

When remediation will result in eliminating an exposure (i.e., as by capping
the material) it is not necessary to calculate [remediation goals] since the
exposure pathway assumed in the risk assessment would be incomplete.

Since Appendix F contains remediation goals for each media for which there is the potential
for exposure, it is inappropriate to characterize the FS Report as deficient for failing to
develop residential use cleanup goals.

PCB-C inated Sedi

Ormet does not disagree with the discussion of ARARs and TBCs in connec-
tion with PCB-contaminated sediments contained in the Addendum. Indeed, this discussion
reflects the sum and substance of Ormet’s annotations to the last revisions to the FS Report
where Ormet disagreed with the Agencies utilization of TBC material as a basis for establish-
ing required cleanup levels.

Remedial Action Goals/Level

The preliminary remediation goals ("PRGs") for PCBs in sediment contained
in Attachment I to the Addendum are inconsistent with accepted guidance and studies
published by EPA and do not recognize the enormous uncertainties associated with risk
calculations for the dermal exposure pathways. Current EPA guidance for the calculation of
PRGs does not even consider the dermal exposure pathway for the calculation of PRGs for
soil, let alone sediment, because there are t00 many uncertainties associated with the
calculation of dermal soil exposures. Dermal exposure calculations for sediment are even
more uncertain because of the added confounding factor of water reducing the adherence of
particulate matter to skin. Therefore, consideration of the dermal exposure factor in
calculating PRGs for PCBs in sediments has no foundation and is inappropriate.

In addition, it appears that EPA utilized a soil adherence factor in its calcula-
tions for the PRGs for PCBs in sediment of 2 mg/cm?-day even though the defauit value
specified by current EPA guidance is .2 to 1 mg/cm?-day. There is no actual site-specific
data which would support the use of a higher adherence factor. EPA also appears to have
used an incorrect dermal absorption factor for PCBs. Accepted Agency guidance, including
the EPA’s PCB Spill Cleanup Policy and the EPA report "Development of Advisory Levels
for Polychlorinated Biphenyls (PCBs) Cleanup” (EPA, 1986)", both specify a dermal absorp-
tion efficiency of 5% whereas EPA utilized a dermal absorption factor of 10%. Proper
application of currently accepted guidance and good science yield PRGs for PCBs of 1.1 E
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+ 01 and 4.3 E + 00 for the hypothetical trespasser and resident, respectively. (These are
the PRGs contained in the revised Addendum provided by EPA to Ormet by letter dated
November 10, 1993). There is no justification for this arbitrary departure from established
policy and accepted scientific principles.

The FS Report contains a discussion of the effectiveness of the installation of
sheet piling and concrete revetments over contaminated sediments in the same manner as that
contained in the Addendum. Therefore, the Addendum is redundant.

In addition, Attachment 1 to the Addendum states that the remediation goal for
sediments must utilize the human health goal because it is lower than the ecological goal and
only the lower goal is protective of both human health and ecological receptors. This
statement is incorrect because the only remedial measures which do not include complete
dredging incorporate containment measures which will eliminate any potential human
exposure. Attachment 1 to the Addendum recognizes that elimination of the exposure
pathway eliminates the need for a human health remediation goal. Therefore, there is no
basis for establishing remediation goals at unreasonably low levels which are protective of
human health since there is no exposure pathway.

The discussion regarding plume mobility and migration is misleading. This
discussion implies that the current pumping scenario will cause the contamination of a
significant portion of the Ohio River Valley aquifer. The affected 2,700 foot segment
referenced is 2 very small portion of the overall aquifer (less than 10%) and the current
pumping scenario will continue to effectively contain that segment.

There is no basis for modifying the discussion in the FS Report regarding the
effectiveness of the soil cover remedial measures. The soil covers will eliminate the direct
exposure and airborne exposure pathway immediately upon implementation and there is no
current potential exposure to groundwater. The placement of s0il covers over the FSPSA
would allow for continued flushing of the area and the groundwater extraction system would
continue to treat and address the contaminated groundwater. Because all potential exposure
pathways are eliminated this discussion in the Addendum is unnecessary.

Similarly, the discussion regarding the relocation of the 004 outfall is
redundant. Section 4.3.7 of the FS Report clearly provides that Qutfall 004 will be rerouted
and that the specific location of Qutfall 004 will be determined during the remedial design
phase.

-’
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Development of Site-Wide Al iv

The discussion regarding the purpose of new interceptor wells is redundant as
a similar discussion is contained in both Appendix K and the text of the FS Report.

Detailed Analysis of Site-Wi ¥

The FS Report states repeatedly that all waste, inciuding sludge from the
groundwater treatment system, will be characterized appropriately and handled in accordance
with all applicable requirements. The Addendum improperly predetermines that the character
of the sludge generated by the groundwater treatment system will be a hazardous waste
"because it will still contain cyanide” and because "[t}he sludge will be so similar to that of
K088 listed waste . . ." (Comparative Analysis Section of Addendum). To the contrary, the
available data indicates that the material will not be similar to KO88. Certainly, at this time,
there is no basis for determining what the characteristics of the sludge will be and it is
entirely inappropriate to predetermine that this material will be considered a hazardous waste.

The statement that interceptor wells placed closer to the FSPSA will "reduce
the toxicity of contaminant concentrations . . ." is not accurate. Interceptor wells placed
closer to the FSPSA would be expected to extract a smaller volume of groundwater with
higher concentrations of contaminants, although the total mass removed by interceptor wells
placed closer to the FSPSA would be virtually the same as the total mass removed by the
extraction system presently in operation. In addition, although interceptor wells placed
closer to the FSPSA would restrict the plume to a smaller area, it is expected that it would
be more difficult to achieve and maintain containment under such a pumping scenario.

Comparative Analysis of Alternatives

The comparative analysis of sitewide alternatives and the inclusion of this
comparative analysis in the Addendum is inappropriate. No technical basis for the scoring of
specific remedial measures is provided and the evaluation of the various containment
measures appears to contradict the evaluation of similar measures at other Superfund sites.

In addition, the cost effectiveness evaluation required by CERCLA and the NCP which
require that cost be considered in selecting from remedial options that are adequately
protective was not performed properly.

With regard to specific points discussed in the Comparative Analysis:

1. The statement that interceptor wells placed closer to the FSPSA will
achieve MCLs in a shorter period of time is misleading since it is
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estimated that interceptor wells placed closer to the FSPSA would be
projected to achieve MCLs in approximately 36 years whereas it is
projected that the existing extraction system will achieve MCLs in
approximately 38 years. The text of the FS Report states this clearly,

2. The management of sludge from the groundwater treatment system is
discussed above.

3. Single barrier and dual barrier caps are both very effective over the
long term; however, dual barrier caps are more than twice as expensive
as single barrier caps. Therefore, single barrier caps are much more
cost effective and the statement in the Addendum to the contrary is not
correct. ~r

4, The long-term reliability analysis selectively mischaracterizes the nature
of various alternatives, the conclusions regarding long-term reliability
are unfounded, and the distinctions drawn between sitewide alternatives
are arbitrary. For example, there is no basis for concluding that
sitewide alternative 3 is any less reliable than sitewide alternatives 4
through 10 which are characterized as relying more on treatment and/or
removal and more reliable over the long-term.

5. The conclusions regarding the implementability of various containment
measures over the former disposal ponds are unfounded. The FS
Report concludes that single barrier caps utilizing synthetic membranes
as the impermeable barrier could be installed over the former disposal
ponds without the need to stabilize the pond solids. No technical
support is provided for the unfounded assertion that engineering diffi-
culties may be experienced with the settlement of unstable material
under sitewide alternatives 3, 5, 8 and 10.

Conclusion

There is nothing in the well documented history of the program administration
of this Site to justify the mischaracterization of Ormet’s performance in the Agencies’ letters
of October 12, 1993 and the Addendum. We disagree with the need for the Addendum,
which in many instances is redundant, inaccurate and neither reflects good science nor
accepted Agency guidance. Ormet has included the Addendum in the FS Report subject to
the
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reservation of all rights and with the understanding that the Agencies will accept the
documents as complete for purposes of the CO. Upon confirmation that the document is
accepted we will distribute signature pages for execution,

Very truly yours,

John D. Reggi, Manager
Corporate Environmental Services

cc:  Tinka Hyde
Elizabeth Murphy, Esq.
Abby Levelle
Jeff Hurdley, Esq.
Robert Fargo
Rick Issacs
Frank Jones, Ph.D.
Eugene R. Bolo, P.E.
Richard S. Wiedman, Esquire
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Mr. John Reggi

RE: MONROE COUNTY

ORMET CORPORATION
# 456-0613

DERR CORRESPONDENCE

CERTIFIED #P 191 866 372

Ormet Project Coordinator

Ormet Corporation
P.O. Box 178
Hannibal, O 43931

Dear Mr, Reggi:

Ohio BEPA has reviawed Ormet Corporation’s (Grmet)} final submittal
(FS Report), April 19%3, and

of the ili

regrettably cannot approve the document.

Section 1X, Paragraph I,

of the Administrative OUrder by Consent (Consent Order) requires
that all work under the Consent Order be done "in accordance with
the NTP, the RI Guidance, the FS Guidance, and additional guidance
dacuments provided by U.S. BEPA which are not inconsistent with the
NCP, and the regquirements of this Consent Order, including the
standards, specifications and schedules contained in the R Work
Plan." Unfortunately, Ormet's FS Report
fails tc zemply with this requirement of the Consent Order in
several respects, the most important of which are aiscussed below.

Plans and the FS Work

Ormet has fa:iled to provide, within their second submittal of the
ibili , An alternative or conponent of an
alternative which demonstrates compliance with Ohio's Applicable

drait Feas. .

Accorxding  to U.S.

or Relevant and Appropriate

EPA Guidance for

Requirements (ARARs), or in the
alternacive, provides justification for waiving the State’'s ARARs.

Conducting Remedial

Investigationa and Feasibility Studies Under CERCLA, Interim Final

(CSWER #2355.3-01, October 1988)

and 40 CFR Part 300.430 of the -

National 9il and Hazardous Substances Pollution Contingency Plan
{NCP), the Feasibility Study (F8), along with the detailed analysis
of alternatives within the PS, should be conducted to provide
decisior.~-makers with sufficient information to compare alternatives
with respect to the nine evsaluation criteria and to select an
approprisgts remedy. One of these nine criteria which must be met
by the selected aiternative, and thus supportaed by the *2, is the

attainment of ARARSs.

Specifically,

40 CFR Part 2300.430

(@)(9)(iii;(B) provides that the alternatives “shall be assassaed
to determine whethar they attain applicable or relevant and
appropriate reguirements under federal environmental laws and state
anvironmaental or facility siting laws or provide grounds for

simmmum
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invoking one of the waivers under paragraph (f£)(1)(i1)(C) of this
section". Also, section 6.2.3.2 of U.S. EPA's Guidance for
Conducting Remedial Investigations and Peasibllity Studies Under
CERCLA, Interim Final, (OSWER # 9355.3-01, October 1988) provides
that in the FS5 Report, the detailed analysis of alternatives should
"describe how the alternative meets these requirements (ARARs).
When an ARAR is not met, the basis for justifying one of the six
waivers allowed under CERCLA (see section 1.2.11) should be
discussed. "

Ormet’s revised FS Report does not demonstrate that any
alternative, or alternative component, adequately satisfies the
requirements of Ohio Administrative Code (QAC) 3745-54-18 (B). OAC
3745-54-18 (B) requires that a facility located in a one-hundred-
year floodplain must Dbe designed, constructed, operated, and
maintained to prevent washout of any hazardous waste by a one-
hundzed-year flecod. This ARAR is applicable to the Constxuction
Materials Scrap Dump (CMSD) which contains wastes within the 100
year floadplain.

Ormet’s alternative component for the CMSD includes the use of rip-
rap along the cap face above an existing natural flood levee. The
maximum height of this levee, as presentad in Figqure 5-4 of the
revised FS Report (April 1951), was shown to be below the 100 year
flood elevation. In comments dated January 7, 1993 on Ormet'’s
initial draft FS Report (submitted in parts- December 1991 through
June 1992), the Agenciaes had informed Ormet that CAC 3745-54-18 (B)
would be applicable to alternatives for the CMSD. The Agencias
further explained to Ormet by telephone conference on February 24,
1993 and in the project review meeting summary of March 4, 1993
that Ormet’s propcsed alternatives do not provide a level of floocd
protection for the CMSD which would comply with this ARAR.

Additionally, OQrmet’s proposed alternatives offer no flood
protection for the CMSD seep collection trenches and sumps which
will contain contaminsted leachate also within the 100-year
flcodplain. The Agencies stressed in the March 4, 1993 project
review meeting summary that a structure designed specifically for
the purpese of flood protecticn would be necessary to prevent
washout of CMSD wastes and seep collection trenches by flood
waters. However, Ormet has failed ¢to provide such 2 design
componcnt in their April 1933 revised submittal of the Feasibility
Staudy Repoct

.

The April 1993 revised ¥S Report submittal, also, does not provide
an alternative, or alternative component, which can be determined
to satisfactorily meet the requirements within OAC 3745-27-11 (G)
for the design of a solid waste landfill cap. The conceptual

20'd
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design drawings for the capping of the Former Disposal Ponds (FDPs)
contained within this report do not include cap design components
which meet the specifications required by this ARAR.

In addition, the revised draft (April 1993) of the

- develops risk-based clean-up goals yet
fails to incorporate these as remedial action goals for the Ormet
site. Rigsk based remedial action goals are reguired by the

Feasibility Study Workplan (November 1990) Section 4.2.2, the NCP
40 CRF Part 300.430 (e)(2)(i)(A)(l) & (2), U.S. BEPA guidance and
previous Agency comments., In Appendix F of the April 1993 revised

i "Remedial Goals for the Ormet Site",
Ormet states that “...the calculation of health-based goals for
ground water under the limited control acenario is not
warranted..." Ormet also states in Appendix F "...calculation of
health-based clean-up goals for sediment under a limited control
scenario is not warranted..." Ormet determined in the PS Report-
Appendix F that risk based clean-up goals wera “unwarrantad’ due
to the dincluzion of institutional controls within their
alternatives. The Agencies, in comments dated December 11, 1992
on Ormet’s initial draft Appendix F, specifically required Ormet
to delete from Appendix F all discussions regarding the utilization
of institutional controls to prohibit the future residential use
of contaminated ground water beneath the site and the future
residential use of cther site media. Ormet’s use of institutional

controls i3 inappropriate in this case. Ormet has used
inetitutional controls as a “substitute for active response
measures ... as the sole remedy" in contravention of the NCP, 40

CFR Part 300.430 (a)(1)(4iil)(D).

Alsc, within the Agencies’ previous comments on Appendix F, dated
December L1, 1992, Ormet was required to develop risk based clean-
up goals using the residential-use scenario gnly, since the
residential use scenario doaes pof rely sclely upon instituticnal
controls to provide protection of human health. Ormet, however,
not only ignored this comment but also deleted language in Table
2-1 which it had included in its first submittal of the FS Report
regarding reeidential land use scenarios.

Article X, paragraph (3), of the AOC, requires Ormet to submit a
raevised document which incorporates U.S. EPA‘'s and OEPA’‘s required
modifications.  In correspondence to Ormet dated January 7, 1993,
the Agencies disapproved Ormet’'s initial PS submittal (December
1991~ June 1952} citing Ormet’s failure to adequately address the
Agencies’ comments on previous sections of the FS submitted by
Ormet as a fundamental deticiency. The Agencies also informed Ormet
that failure to incorporate gll ¢f the Agencles’ modifications in
Crmet’'s ravision of the F§ Report, or to includa changes other than
those identified by the Agencies, would be construed as a violation
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John Raggi
October 12, 1993
Page 4

of the Order. Ormet‘s second draft of the

Ecasiblilicy Study Report
(April 1993} has failed to include previous modifications and

revicions required by the Agancies.

Therefore, by this correspondence, Ormet is hareby notified that
the Ohio EPA disapproves the second submittal of the ;
(April 1993) and maintains that Ormet is in vialation
of the Administrative Order by Consent. Under the Consent Oxder,
the Chio EPA has the right §o take over- the project and/or enforce
the terms of the Consent Order after the Ohioc EPA and U.S. EPA have
disapproved any document. Because U.S. EPA {ntends to
conditionally approve the sacond submittal of the Fgasibility Study
(April 1993) with specltications, however, and because the
Ohio EPA desires to see this project mnove forward as soon as
possible, the Ohio EPA will not seek to exercise its enforcement
rights at this time. Should U.S. EPA eventually disapprove the
gsecond submittal, however, the Ohic EPA reserves its right under
the Consent Order to take over the project and/or enforce the terms
of the Censent Qrder.

Sincerely,

W J. [ -

ilmer Gossett
Coordinator
Division of Emergency and Remedial Response
b ’

]

KGG/my

cc: Jenitfer Kwasniewski, DERR, CO
Jaff Hurdley, Legal, CO
Sue Nitecki, DERR, CO

e
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SENT BY:PLRCHASING 112-14-93 ¢ 14:03 - ORMET CORP. - 112 366 6093:2 2

OChicEPA

State of Ohjo Enviranmental Protection Agency

Southeast District Office
2195 Front 54““38 0031
:.:&a)n 33’:&0?1 - Georga V. Voinovich
FAX (614) 285-6480 Governor
December 8, 1993 RE: MONROE COUNTY
ORMET CORPORATION
# 456-0613

DERR CORRESPONDENCE

John D. Reggi

Ormet Project Coordinator
Ormet Corporation

Route 7

P.0. Box 176

Hannibal, Ohio 43931

Dear Mr. Reggi:

On Dacember 1, 1993 Ohio EPA received the Ormet

with accompanying correspondence from Ormet which
wasé directed to both U.S5. EPA and Ohic EPA. From this December
1, 1993 correspondence, we conclude that Ormet has misunderstood
Ohioc EPA's position regarding the Final FS as outlined in Ohio
EPA’s October 12, 1993 letter to Ormet.

As Ohio EPA clearly stated to Qrmet in our October 12, 1933
correspondence, "...Ohio EPA disapproves the second submittal of
the Feasibillity Study Report (April 1993)...". Ohio EPA also
stated that it was U.S. EPA‘s intention to "conditicnally approve
the second submittal of the Faagibility Study Report (April 19533)
/ with specifications...". Therefore, Ohio EPA wishes to clarify

! for Ormet that the State does not accept the Ormet Final FS,
submitted December 1, 1993, as completa. Ohio EPA did not
participate in the development of, or concur with, the U.S. EPA
Addendum to the FS report. Ohio EPA will not be a signatory to

the Ormet Final Feasibility Study Report as submitted December 1,
1993.

Comments or concerns which Ormet may have gpecific tQo Ohio EPA‘s
October 12, 1993 correspondence to Ormet should be addressed
directly to this Agency. Upon receipt of the Ormet Corporation’s
concerns, Ohio EPA will respond promptly. We believe Ormet’s
concerns regarding the FS and the Addendum can most appropriately
be addressed by U.S. EPA.

) 1o o
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SENT BY:PLRCHASING 12-14-33 © 14:04 ORMET CORP. - 412 566 6099:# 3

John D. Reggi
December 8, 1993
Page 2

We hope that this has clarified Chio EPA’'s position in this
matter. If you have any questions, feel free to contact me.

Sincerely,

Site Coordigsfor .
Division of ‘Emergency and Remedial Response -’

KGG/mx

cc: Rhonda McBride, USEPA, Region V
Jeff Hurdley, Legal, CO
Jenifer Kwasniewski, DERR, CO
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GERAGHTY
& MILLER, INC.

Environmental Services

smoemdl sy PM ENOM GrKAWATY Miloax MA: 2.

Grourad Mater Enyineering Hydrocarbon Remediacion

May 23, 1994

Mr. John Reggl
Ormet Corporation
Routs 7

P.Q. Bex 176
Hannibal, OH 43931

RE: Cyanide Toxicity Fact Shest
Dear Mr. Reggi:
A requested the attached fact sheet conveys the technical basis behind the lower snvirvnmental

hazards poved by cyanie complexss. If you have any questions or require additional
information please let me know.

Sincerely,
GERAGHTY & MILLER, INC,

Frank A. Jones, Ph.D.

Principal Toxicologist/Aswociats

c© Mr. Steven Facth - Dckert Seamans

126 North Jefferson Strest, Suie 400+ Milvaukes, Wisconsin 33202 + (414) 276-7742 « FAX (414) 276-7603

~ducation
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FREE, SIMPLE AND COMPLEXED CYANIDES

Cyanides are & group of organic and inorganic compounds that coatain the CN' moiety.
Cyanides exist in various forms in the eavironment and are categorized as either free cyanide,
simple cyanide, or complex cyanide. Free cyanide refars to the sum of the cyanide {on and
molecular HCN. Simple cyanides are compounds (ie., NaCN) that coasist of & cyanide ion and
a cation. Complex cyanides are compounds in which cyanide i3 incorporated into a complex or
complexes.

Cyanates, which contain the -OCN radical, are formed industrially by oxidation of
cyanide salts. Cyanates hydrolyze in watar to form ammonia and bicarbonate ion (USEPA,
1979). Cyunates, whea compared to cyanide, are relativaly nontoxic t0 humans and animals

(USEPA, 1978).

The stability of the complex cyanides vary from the highly stable iron and cobait
¢yanides, the intermediate nickel and copper cyanides, and the easily decomposabls zinc
cyanides (USEPA, 1979). Fres cyanide is considered the primary wxic agent. The other forms
of cyanide can contribute 10 the concentration of free cyanide in the environment depending on
thedr stability and environmental cunditons.

Hydrogen cyanide is soluble in water and dilute acid (which includes the gastric
cnvironment), and will readily hydrolyzo t0 1 molar equivalent of oyanide (CN') and 1 molar
equivalent of hydrogen (Hartung, 1982). Simple metal cyanides are insolubls and probably will
would be transportsd as suspended solids or would settle out into sediments.
metallocyanides are more soluble, and would be transported in solution (USEPA, 1979).

Changes in the concentration ratio of cyanide to metals will alter the form of cyanide
compounds. When metals are prevalent, the simple cyanides are predominant. When cyanide
is prevalent, the complex menllocyanides are favored (USEPA, 1979).

In the pust, wurveys of public walsr supplies have revealed no cyanide concentrations
above drinking water standards. In part, this was asctibed to the velatility of undissociated
hydrogen cyanide, which would be the predominant form in all but highly allaline waters. Also,
in part, cyanide ion has a decided tcndency to be "fixed® in the form of insoluble or
undissociated complexes by trace metals. Cyunide may complex irreversibly with heavy metals
in water supplies and theveby be blologically insctivated in terms of toxicity attributable to
cyanide (USKPA, 1985).

Cyanidas is rapidly sbsorbed into the body by all routes of exposure (gasirointestinal tract,
lungs, and skin). Once absorbed, cysnide is distributed throughout the body via the blood.

Cyanide is not bioaccumulated in any tissues, and is instead rapidly detoxifled in the liver by
the intramitochrondrial enzymes. The enzyme rhodass will convert cyanide (0 thiocyanie ,
which iy eliminated from the body via the urlne (USEPA, 1987).

GERAGHTY & MILLER, INC.




Cyanide is a rapid acting toxicant, that disrupts cellular respiration. Cyanide ions will
complex with the metals present in various enzymed, inhibiting the catalytic activity. Hypoxia
resuits when cyanide interupts the electron transfer down the cytochrome chain by inhibiting
cytochrome oxidase (Smith, 1980).

Chronic exposure to low levels of simple cyanides has been reported to cause
enlargement of the thyroid in humans. Inefficlent ellminadon of the metabolite thiocyants is
reported to be assoclated with this adverse effect (NIOSH, 1976).

The iron cyanide complexes (i.¢., ferricyanide and ferrocyanide) are extremely stable,
normally rclcasing negligible amounts of the toxic cyanide ion (NRCC, 1982). In the present
of ultra-violet light the iron cyanide complexes will be broken down to release cyanide ions.
In subsurface soils, or turbid waters the rats of free cyanide release for the iron complexes is
negligible (NRCC, 1982).

Lron cyanide complexes are much less toxic than free cyanides (NRCC, 1982). They are
caonsidered “eseentially non-taxic” to aquatic organisms (NRCC, 1982). Dietary studies of iron
cyanide complexes at resulted in little or no adverse effects at levels up to 0.5 percent of the
dally diet (Food and Drug Research Laboratories, 1969). Workers handling iron cyanide
complexed materials over a number of years did not develop any observed adverse effects, It
was concluded that the iron cyanide complexes are toxic only to the extent to which they are
converted to cyanide ions, which is slow (Hartung, 1982). Iron cyanides have reladvely low
toxicity because they do not normally liberate cyanide when acidified (i.¢., in the stomach) nor
are they belisved to be metabolized to cyanide in vivo (Arena, 1974).

In summation, it is the complex-forming tendency of cyanide that is the factor that is

‘responsible for the toxicity; cysnide ions form stable complexes with various enzyme metals

interfering with cellular respiration (USEPA, 1978). This toxic effect is dependent on the
presence of the reactve cysnide jon within the body. Stadle lron complexes, such as iron
complexes huve negligible conversion @ lonic or free cyanids. Intaks of cyanides that are
ulready compleaed will not resull in the cyanide complexing with the enzyme metuls. Therefore,
complexed cyanides have relatively low toxicity (USEPA, 1978).

GERAGHTY & MILLER, INC.
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EXECUTIVE SUMMARY

The Buckeye Reclamation Landfill site is located in eastern Ohio approximately 4
miles south of St. Clarsvilie, Ohio, in Belmont County. The site has been placed on the
National Priorities List (NPL) of uncontrolled hazardous waste sites under the
Comprehensive Environmental Response and Liability Act (CERCLA) of 1980.

This Feasibility Study (FS) Report summarizes the process used to develop and
evaluate the potential remedial action alternatives for the Buckeye Reclamation Landfill site.

The FS Report contains a multi-step evaluation of the technologies and assembled
alternatives by progressing through a series of screenings. General qualitative information
is used initally to screen the potential technologies and remedial action alternatives for
ther applicability at the Buckeye Reclamation site. In later phases of the FS process. -’
more detailed. quantitative information is used to screen the technologies and potential
remedial achon alternatives.

The ultmate goal of the FS process is to develop a list of potential remedial action
alternatives for use at the Buckeye Reclamation site that are consistent with the National
Contingency Plan's (NCP) concept of an appropriate extent of remedy. This appropriate
remegdy 1S described as a "cost-effective remedial alternative that effectively mitigates and
minymizes threats to and provides adequate protection of pubiic heaith, weifare. ang
environment” {40 CFR 300.68(i)).

Site Description

The Buckeye Reclamation Landfill site consists of a landfill and waste pit constructed
within a narrow valley filled with mine spoil. Near the north end of the landfill is an area
known as the waste pit. which is now covered, but formerly was a depression in which
industriai wastes (mostly hquids) were disposed.

The landtill is excavated in mine spoil which covers a bedrock ridge and partially
buries two drainage ways: Kings Run 10 the east and Unnamed Run to the west.
Approximately half of the Kings Run valley is filled with 50-100 feet of mine spoil. The
sedimentary rocks that underlie the ridge on which the landfill and mine spoil deposits
occur consist of beds of impure limestone, sandstone, siitstone, and shale up to 300 feet
thick, interbedded with at least four major and two minor coal seams. All beds are
relatively low permeability. However, limestone, sandstone, siltstone, and coal bed
generally bear water in the vicinity of the site, as do the mine spoil and landfilled material.

Remedial Action Goals

The Endangerment Assessment Report identified 12 indicator chemicals as accounting
for the majority of the health-based risk associated with the site.

Of the indicator chemicals identified in the endangerment assessment, arsenic.
beryliium, and polycyclic aromatic hydrocarbons (PAHS) accounted tor the majority of the
risks as associated with the soils. The remedial action goal for the soil is therefore to
protect public health and the environment by limiting direct physical contact with the waste
to reduce the threat of dermal contact, inhalation, and ingestion of soils. In addition to this
drrect goal, remedial action goals tor the soil aiso include addressing the soil as a source

6552397 9°¢ JUINEVE_€5 NS §3§
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for grounc-waier contarminaticn arg acic mine drainage pretecuon that may impact the
waters of the state.

For the grounc-water surace wate' matnx. the RI foung =0 contamination attributaote
to the ste n any of the surrounding pr ate wells, but the site ground water and surface
water were impacted by a number of contaminants. The tiow of contaminated leachate into
Kings Run is of primary concer~ -ecause of the potential for this surface water
contamination to impact the ail.. . aquifer of the Little McMahon Creek south of the site.
The remediat action goal for the :.ace wzter on the site is therefore to reduce the levels
of contaminants in the surtace water leaving the site by achieving ARARs for these
contaminants. The low-pH waters will also be adjusted to a more neutral value prior to
leaving the sde.

Remedial Action Alternatives

Four remedial action alternatives {(and the No Action Alternative, as required by the
Nationat Contingency Plan) were -aveloped and screened for potential application in an
attempt to meet the remedial z: :~ goals for the Buckeye Reclamation site. The
alternatives that were developec irom a list of applicable technologies that resulted from an
intensive screening process of potential remedial action technoiogies.

Nine evaluation criteria have beer developed t0 address the technical ang CERCLA
policy aspects that have been proven to pe important :n the selecting the remedial
alternatives for a site. The NCP requires these nine evaluation criteria to be considerad in
remedy selection. The detaleg analysis of the remedial alternatives presenteg in this FS
document were based upon the first seven of the nine criteria listed below;

QOverall protection of human health and the environment
ARARs compliance

Short-term effectiveness

Long-term etfectiveness and permanence

Reduction of toxicity, mobility. or velume
Impiementability

Cost

State Acceptance

Community Acceptance

The last two cnteria. state 2- - =2t#~ce. and community acceptance required by NCP
are to be e.aluated following corr n the RILFS and or me propcsed plan. These
two cnteria will be addressed \n m. ~e final gecision on the remedy and preparation ot
the Record of Decision (ROD) for tr..

A summary of the principal featu-: of the remedial acuon aiternatives deveioped for
the Buckeye Reclamation site is given below.

Alternative 1

Alternative 1 is the No Action aiternative which is required by the NCP to be carried
through the detailed analysis of alternatives. This option 1s a no cost alternative that is
designed to function as a baseline comczrson to the other aiternatves involving action.
Alternative 1 fails to meet the remedial acuon goals for the site. and is not protective of
human heaith and the environment.



_

Alternative 3A and 3B

Alternative 3 utilizes a ‘ull RCRA cap to protect the erure site. The cap wu en—rate
Girect contact with contaminated sails, reduce infitration of rainwater, and mirim.ze ~=
formation of acid mine drainage. Capping will also minimize the formation of lanctll
ieachates. Capping will aiso minimize the formaton of landfill leachates. As witn all
alternatives involving remedial action, one of two options can be empioyed for acid mine
drainage following collection; these are chemical treatment by neutralization and
precipitation (option A), and biologicai treatment through the use ot a constructed wetlands
(option B). The totai cost of Alternative 3 is approximately $196,813,000 under cption A,
and $193.084.000 under option B.

Alternative 4A and 4B

Alternative 4 invoives the use of a standard landfill cap o protect the entire site.
This cap is not as complex as the RCRA cap. but still will be able to effectively eliminate
direct contact with contaminated soils, reduce infiltration of rainwater, and minimize the
tormation of acid mine drainage. Capping will aise minimize the formation of lancfill
leachates. As with alt aiternatives involving remediai action, one of two options can be
employed for treatment of the acid mine drainage following collection: these are cnemical
treatment by neutralization and precipitation (Option A}. and biological treatment ihrougr the
use of a constructed wetlands (Option B). The total cost of Alternative 4 is approximasely
$52.492.000 unger Option A and $48.663,000 uncer Option B.
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1.0 INTRODUCTION

This Feasibilty Study report is prepared in fultiiment of Task 7 of the Remedial
Investigation Feasibility Study (RI-FS) for the Buckeye Reclamation Langtill (BRL) as
described in the Quality Ass.-ance Project Plan (QAPP; for this investigation. The report
has been prepared in acco = .-ze with the most recent guidance for feasibility studies (U.S.
EPA, 1988).

The BRL site consists of a landfill and waste pit constructed within a narrow valley
filled with mine spoil. The BRL site is defined as being located " ... on approximately 50
acres of a 658 acre tract ... and such other areas beyond said 50 az-e landfill where
hazardous substances have come to be located as a result of a rete =se from sad langfill”
{Admimstrative Order by Consent, January 26, 1986, pace 8, item & 7).

The remedial investgation at this site was conducted from May 1986 through
December 1988. The report of the remedial investigation (Ri) was prepared and submitted
to the Agencies as a dralt on March 23, 1888. A hnal Rl report was submitted August 9.
1989 after address:ng comments from tne Agencies on the draft. This document was
subsequently finalized by the Agencies and approved June 20, 1990.

The FS consists of development and screening of alternatives and detailed anaiysis
of alternatives. Alternatives for remediation are developeg by assembling combinations of
technoiogies and their applicable media into aiternatives that address contamination on a
site-wide basis or tor an identified operable unit. Durng detailed analysis. the screened
alternatives are further retined and compared.

1.1 Pur nd R rganizatl

The objective of the feasibility study is 10 screen. evaluate, and recommend remedal
actions for the BRL site that are protective of human heaith. This report documents the
analyses and evaluations conducted to develop compreghensive remedial action alternatives
for the BRL sita. The Agencies will use this information 10 recommand a remedial action
alternative in accordance with the NCP and CERCLA statutory provisions for
implementation at the BRL site.

The remedial action objectives for the site focus upon actions to protect human health
and the environment via control or elimination of potentiai contaminant exposure pathways.
These include actions 1o ensure the tuture immobility of. or 1o remove permanently the
waste constituents in the landfil and waste pit. prever: contamination of site surface waters
by leachates possibly originating from the waste pit and,or discharges from the landfill
through water-bearing zones, and to prevent public esposure t0 surticial soils.
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The remainder of Section 1 provides background information for the site. describes
the results of the remedia! investigation. discusses the nature and extent of cortamiraiar,
and summarizes the findings of the Endangerment Assessment.

Section 2 discusses the feasibility study process in general and its application to the
BAL site.

Section 3 presents and discusses the remedial action objectives, summarnzes site
contamination problems including the findings of the Endangerment Assessment. and
presents the potential Applicable or Relevant and Appropriate Requirement (ARARs) for the
site.

Section 4 discusses the development of general response actions, which are specified v
by site media. Section 5 describes the phase one screening process for implementability
of process options (technologies). Process options surviving the phase one screening are
then subjected to a phase two screening for implementability (in more detail), effectiveness,
and cost. The results of screening in Section 5 are one or more viable process options
within each type of remedial technology.

Section 6 assembies the surviving process options into site-wide remedial alternatives.
and evaluates those alternatives relative to each other for effectiveness, implementability.
and cost. Alternatives that are duplicative or not cost-effective are eliminated from furtner
consideration.

Section 7 evaluates alternatives which survived screening according to the nine
evaluation criteria derived by the U.S. EPA based on statutory provisions in Section 121 of J
CERCLA, which are: overall protection of human health: compliance with ARARs:
long-term eftectiveness and permanence. reduction of mobility, toxicity, or volume;
short-term effectiveness; implementability; cost: State acceptance: and, community
acceptance. Section 7 also provides a tabular summary comparative analysis of the
alternatives to assist the Agencies in identifying key tradeofts among alternatives.

1.2 Sit Kk n
1.2.1 General Site Description

The Buckeye Reclamation Landfill (BRL) is focated near State Route 214,
approximately 4 miles southeast of St. Clairsville and 1.2 miles south of Interstate 70 n
Sections 20 and 21 (Township 6 North, Range 3 West). Richland Township, Beimont
County. Ohio (Figure 1-1). Interstate 470 is located just south of the landfill entrance ang
approximately 3,000 teet north of the landfill area.

6322797 'L BUTXEYI TS NE SRS 2
I



The BRL site 1s situated in the Kings Run drainage ravine: it i1s borderec by K ~3s
Run to the east and Unnamed Run to the west. The landfill extends approximately 3.700
feet north to south and 1s approximately 500 to 1,000 feet wige. The site on which t~e
langfill s located occupies 658 acres. The langfill occupies approximately 50 acres of this
area.

The approximate site boundaries for the Rl extend from Kings Run to the east.
Ebbert Road to the west, Little McMahon Creek to the south, and Interstate 470 to the
north. The valley of Kings Run and the ridge to the west were filled with mine spoil “om
nearby underground coal mines. Coal mine spoil is comprised of rejected off-specification
coal, shale, waste rock, pyrites, and other materials that contain iron, manganese,
aluminum, and other metals. A large area of mine spoil also extends into the valley of the
Unnamed Run to the west. Placement of the mine spoil resulted in the formation of three
surtace water impoundments along Kings Run (Figure 1-2). Only the northernmost
impoundment. the largest of the three. is still present. Water flows out of the northern
impoundment via an overflow pipe tha: extends under the landtill access road and
discharges into Kings Run. Placement of mine spoil into a tributary valiey on the rngge
west of Kings Run created arn impoundment referred to as the Waste Pit. The Waste Pit
was filled ang covered prior to Site inveshigaton.

The langtill descends towards the drainage ravine and gently slopes toward the south.
The southern portion of the site is vegetated. barren soils and mine spoil are present over
the remainder of the site.

The Kings Run watershed is 1.04 square miles in area and the average fall is about
162 teet per mile. Little McMahon Creek drains an area ot 14.42 square miies ang ftiows
for 8.3 miles before its confluence with McMahon Creek. The McMahon Creek drainage
basin includes 91.2 square miles in Belmont County (J.C. Krolczyk, 1954, Gazetteer of

Qhig Streams).

Fzrtions of three abandoned underground coal mines underlie the site. Pittsburgh
(No. B8) coal was removed from these mines. Most of the mine spoil deposited at the site
was removed from a mine located just south of the site, across Little McMahor Creek.

A reclaimed strip mine is located rorth of the site, along the ridge separating Kings
Run and the Unnamed Run to the west. The Washington (No. 12) coal was stnp-mined
from the ridge. There is no evidence that any strip-mining occurred within the boundaries
of the site.
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FICURE 1-2. SITE DRAINACE, 1970 (BEFORE LANDFILL QPERATIONS) (FROM
STECMAN AND SCHELLHASE LANDFILL DESIGN MAP)
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1.2.2 Site History

Oeep mining occurred beneath and adjacent to the 658 acre site untl about the early
1950s. During that time, the site was a disposal area for mine spoil. Mine spoil was
remgved trom the mines and deposited on the ridge west of Kings Run and in the
drainage ravine for Kings Run. The area was licensed as a public sanitary iandfill in 1971
by the Ohio Department of Health, and is currently owned by Belmont County. It has been
operated by Ohio Resource Corporation, under the name of Buckeye Reclamation
Company, since that time. As a pubiic landfill (ot approximately 50 acres in size) the
tacility accepts general trash. rubbish. and other materials from municipalities, villages in
the county, and the surrounding area. o

Detailed records of the actual types and quantities of waste and their on-site iccation

are limited. Woodward-Clyde (1985) cites a 1979 QOEPA Solid Waste Disposal
Questionnaire indicating the tollowing distribution ot materials received by the site.

’ 55 percent household
« - 20 percent industnal - -
. 10 percent commercial T

. 5 percent agncuitural -
. 5 percent construction demctition

. 2 percent incineration residue

. 1 percent dead animals

In addition, these records indicate a totat waste volume of approximately 950 tons per
week or 49,400 tons per year. Use of the Waste Pit had ceased by 1980, when the pit
was filled and covered. Soil samples for chemical analysis were taken from seven borings
in the general landfili area.

" “The landfill accepted industrial sludges and liquids, with most-of the wastes received
between 1976 and 1979. The liquid and sludge disposal is believed by the operator to
have been confined to a 5-acre depression (or a portion of it ) iocated in the northern™
section of the fill area. This area is known as the Waste Pit. Two other potential disposal
areas were identified by U.S. EPA before and during the RI: 1) the asbestos disposal
area, and 2) the southern impoundment area (Figure 1-3).

1.2.2.1 Waste Pit
Bulk liquids disposal s believed by the operator 10 have been confined o the Waste

Pit. Sohd wastes {i.e., asbestos. carbon black) were disposed with municipal wastes
elsewhere in the landfill. Ingdustrial sludge was spread upsiope from the Waste Pit. (This

‘sludge was later covered in place.) in 1980, the Waste Pit was filled by pushing mine
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spoil and overburden soil into the impoundment. The area was then covered with clay.
shale, and so!l graded from upslope areas and seeded to grass. A low soil berm was
graded in place around the Waste Pit to route surface flow around the area and prevent
erosion.

Estimated total volumes of industrial wastes received are 4.7 million gatlons of liquid
and 3.300 tons of solid wastes (Woodward-Clyde, 1985). Most of this material is believed
to have been disposed of in the Waste Pit between 1976 and 1979. The materials
believed to have been disposed of in the Waste Pit include (Woodward-Clyde, 1985);

. Asbestos . Naphthalene

. Benzene . Qils

. Benzoic acid . Paints and varnishes

. Fumaric acid and washings . Phthalic acid

. Various industrial sludges ’ Sodium sultfate or sulfide
. Maleic acid . Xyiene

. Maleic anhydride solution

To determine the types of wasies and concentrations present in the Waste Pit, five borings
weare advanced in the area. Soil samples from four of the borings were taken for chemical
analysis. Soil samples from the fitth boring were used to determine physical
characteristics.

1.2.2.2 Asbestos Disposal Area

Asbestos was also disposed of in a separate area of the landfil. The area is
balieved by the operator t0 have been limited primarily to the southern filled areas of the
landtill (Figure 1-3). The asbestos was generated by a brake block manufacturing facility
and was disposed of at the landfill with other solid waste materials. The generator has
indicated that the asbestos may have been delivered in plastic bags although this has not
been confirmed. Information concerning the size of the bags was not available.

1.2.2.3 Southern impoundment Area

The southem impoundment was present at the landfiil as early as 1970 and is clearly
shown on a pre-landfill topographic map prepared for the Buckeye Reclamation Company
by Stegman and Schetihase. inc. (1970). At the time of the 1970 mapping, the
impoundment contained water with the surface of the water standing at 917.0 feet (MSL)
elevation. (The southern impoundment was originally formed by damming the course of
Kings Run with mine spoit.)
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In 1575, the water was drained from the impoundment to allay the concerns of
residents downslope that the smpoundment couid break. causing ticoding. Current
iong-term employees of the 8uz- ve Reclamation Company ard long-term county off.caals
in charge of inspecting the lanat. repon that after the impoundment was opened. portions
of the bottom of the depression were lined with old tres to restrict sol erosion and provide
a base tor subseguent landfiling operations. (The area was not mapped at this time.
Theretore, exact measurements of the elevation of land surface are unavailable. However.
extrapolation of topographic contours on the 1970 Stegman and Schellhase map indicate
the elevation at the bottom ¢! the impoundment ¢could have ranged trom 905 feet in the
north part to 895 feet in the southern part.)

After the depression was lined with tires. the area was used for disposal of domestic
garbage by the standard fili-and-cover method. The 1983 topographic map prepared by
Burgess and Nic 2. Ltd. indicates land surface elevaton in the area of the southern
impoundment at 335 to 965 fee- ‘MSL). The 1" to 100-foot scale map prepared for this
project indicates present land s.'ace elevation at 935 10 965 feet (MSL) in the area of the
Southern impoundgment. Theretore, no langfiling occurred in this area after 1983, the date
of the Burgess and Niple mapoing. |t disposal of neutralized pickle iquor studge had
occurred. « would have been between 1975 (when the impoundment was draineg and neg
with tires: and 1983 (the date of tr- Burgess and Niple mapping).

In order to evaluate the possibility that neutralized pickle-liquor sludges were present
at this location, three boreholes were advanced and split-spoons were collected for a visual
inspection and field screening of split-spoon sampled (coilected continuously) from the
southern impoundment with photoonization and flame ionization detectors. The Agencies
beiieve that this information is inconciusive.

1.3 Remedial Investigation

A Remec'3 Investigation (RI) was conducted at the Buckeye Reclamation Landfill
{BAL) in St. C.arsville, Or-2 by Varsar, Inc. under contract to the Buckeye Reclamation
Landfill Steering Committec. .0 ac-argdance with the Administrative Consent Order
agreement with U.S. EPA = -9- v and Ohi¢ EPA. Waste Characterization activities
included an electromagnenc conductivity {EM) survey and borings and anatyses of samples
in the Waste Pit area. Soil borings and analyses were also conducted in the general
fandfil area and in background locations. Evaluation of contaminant migration pathways
included surface water, air, and hydrogeclogic investigations, and sampling of domestic
water supplies.

Additionat Ri activites condu:ted included ground-water sampling from twenty-one
on-site wells, ground-water samplr 3 from seven off-site wells. on-site surface water
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sampling from ning surface water stations. leachate sampling from six locatiors. and
sedment sampling from eight of the surface water monitoring stations.

1.3.1 Summary of Activities and Findings

The remedial investigation involved extensive evaluation of the geology and
hydrogeclogy of the site and detailed evaluation of the nature and extent of contamination
in various environmental media and transport pathways. These media and pathways
included the following:

. Waste Pit and surrounding soils.
. Surticial soils.
. Landfill soils, including an area designated the Asbestos Disposal Area and a

third area of alleged disposal known as the Southern Impoundment.

. Leachates from the Waste Pit mine spoil'garbage and from the landfill mine
spoil and garbage.

. Surtace water in Kings Run (which runs through the site}). a smali triputary to
the west of the site known as Unnamed Run {which is unaffected by the site.
and Little McMahon Creek which is fed by Kings Run and Unnamed Run).

. Runoff from the Waste Pit ang Asbestos Disposal Areas.

. Sediments in Kings Run. Unnamed Run. and Littie McMahon Creek.
. Air emissions from the Waste Pit and Asbestos Disposal Area.

. Ground water in the following six water-bearing zones.

- Wegee limestone, which is contiguous with the Waste Pit

- Waynesburg coal, which is contiguous with the Waste Pit
Uniontown sandstone, which is near and immediately beneath the
Waste Pit

- The mine spoil water-bearing zone, which underlies most of the site and is
associated with a virgin soil contining layer that predates and underites
most of the landfill and mine spoil, but is locally breached along the
former Kings Run drainage

- Benwood limestone, which underlies most of the site
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Redstone limesione. which ungerhies the site and i1s contiguous with o#
sile units

. Comestic wells iocated in the atluwvial valley of Little McMahon Creek. ang one
spring located near the site and emerging from the Benwood iimestone.

Additional evaluations included a survey of fish and benthos in Kings Run, Unnamed Run.
and Littie McMahon Creek to assess the impact of discharges from the site on Littie
McMahon Creek.

The results of the EM survey conducted prior to driling and sampling at the Waste
Pit indicated that no metalic drums or other large metalic objects were present in the
subsurface and that no ¢ontaminant plumes were distinguishable within the original
boundaries of the Waste Pit. Companson of pre-landfiling and present-day topography
indicated that the Waste Pit was irreguiarly conmical in shape extending to a depth of not
more than 55 feet below present grade.

The results of the Waste Pit boring program corroborated previous information on the
physical make-up and later filling of this area. The upper part of the Waste Pit consists of
mine $poil and sit, mine spoil ang garbage. and a clay cap. The Waste Pit is floored by
virgin soil and clay overlain by clay and silt containing gradeg gravels typical of sediments
deposited in standing water. Because these deposits are free of garbage and. therefore.
undisturbed by landfilling activities. the base of the Waste Pit is broadly defined by these
deposits. Based on historical map information supported by geologic information from
these borings. it can be concluded that the Waste Pit was originally an impoundment
tormed by the damming of a smail ephemeral stream with mine spoil.

Samples were coliected trom four borings within the boundaries of the Waste Pit.
Two distinct peaks in the orgamic contaminant concentration were identitied within the
Waste Pit: 1) a peak roughly between 1070 and 1079 feet mean sea leve! (MSL), and 2)
a peak between 1055 and 1065 feet MSL. Contamination concentrations decreased
markedly above and below these depths. No asbestos or PCB's were detected in any of
the borings. Heavy metals were broadly distributed through the Waste Pit materials with
localized high concentrations of chromium and zinc. Pesticides were detected in only
2 samples.

Detailed geoiogic profiles of the site were obtained using readily avaitable topographic
maps of the landfill area and borings advanced for the RI. The first detailed map ot the
landfill area, the 1905 St. Clarsville U.S.G.S. 15 Minute quadrangle, shows the original
topography of the valley before the mine spoil was emplaced. The virgin soil confining
layer was observed repeatedly in soil borings and corresponds o the 1905 topographic
surtace. By overiaying the 1905 topographic map onto the 1987 site base map and
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correfating these surtaces with geologic informaton from soil and rock borings. deta:lec
cross-sections were developed between major beorehoies.

Twelve soil borings were advanced in this unconsolidated material of the general
landfill. Samples from seven of these borings were collected for physical descrption and
chemical analyses. Samples from the other five borings were collected tor physical
description only. A pre-landtill mine spoil layer overlies a virgin seil layer at all locations
except MW-5C and MW-10C. However, is believed to be absent in the old stream bed of
the buried ancestral drainage of Kings Run. Deposits of mine spoil and garbage. mine
spoil and silt till, and clay cap are found above the mine spoil.

in the genera! landfill outside the Waste Pit, volatite organic compounds detected in
the borings include methylene chloride, acetone, benzene, toluene. ethyl benzene. ang
xylene. The major semivolatiie organic compounds detected include naphthalene.
2-methyinaphthalene. dibenzofuran, phenanthrene. bis(2-ethylhexyl)phthalate. and chrysene.
These compounds were also detected it a soil sample collected outside the landtill and
areas affected by mine spoi disposal (MW-0A}. Low levels of pesticides were detected in
samples MW-12Ax and MW-9A. No PCBs were detected in any samples. Heavy metals
were detected throughout but generally at concentrations comparable to {(or slightly hugher
than) those found in soils atfected only by mine spoil disposal. Asbestos was detected in
samples from MW-12Ax and MW-9A at weight percentages ranging from 1 x 10° to
59 x 10°. -

A network of 25 monitoring wells was installed throughout the site to monitor the
unconsclidated material (mine spoil and garbage) above a contiguous contining layer
identitied as the virgin soil confining layer (defined in the plans for the project as a shallow
upper zone) as well as several bedrock aquifers including the Wegee limestone.
Waynesburg coal, Uniontown sandstone, and Benwood limestone (deep upper zones). and
an aquifer which underlies the entire site. the Redstone limestone (deep zone). Nested
conductor casings were used to isolate these zones during drilling 10 minimize
cross-contamination between zones. Geologic ¢ross-sections have béen developed for the
site based on detailed geotogic information obtained during drilling. An extremely regular
bedrock geology was observed through correlation of continuous core and logging.

Ground-water surface elevations were measured during both the March and the
May. 1988, ground-water sampling events. These measurements were used to prepare
hydrogeologic cross-sections and potentiometric contour maps. The hydrogeoiogy of the
mine spoil water-bearing zone appears to be controlied by the original “pre-mine spoil”
topography. Ground water generally fiows north to south in the mine spoil and Benwood
limestone water-bearing zones. The mine spoil water-bearing zone is primarily recharged
from three sources; the surtace impoundment. Kings Run. and infiltration from the ridgetop
to the northwest. Direct infiltration is limited by the clay cap and compressed layers of
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garpage and fill. The primary source of recharge o the Benwood limestone appears to be
the surface impoundment although verticat leaxage through oulCrops ang subcrops are aiso
likely where the virgin soil layer 1s absent.

Potentiometric surface elevations in the Wegee limestone. Waynesburg ccal, and
Uniontown sandstone indicate northerly, southwesterly. and northwesterty How directions.
respectively. Recharge from the shaiiow upper zone induces this flow to the northwest ang
north. However, the southeastern dip of the strata would tend to limit the areal extent of
the influence from a southeast or northeast recharge.

Potentiometric surtace elevations in the Redstone limestone indicate a recharge
source to the south. The difference in potentiometnic surface elevation between MW-10C
and MW-12C suggests recharge to the Redstone limestone by hydrostatic pressure at the
subcrop in a fashion similar (o the bedrock units near the Waste Pit. All bedrock
formations show no indication of any substantial primary porosity or permeability.
Ground-water yields are the resuit ot secondary porosity and permeatility at jo:nt faces.
coal cleats. and along bedding planes.

The overall ground-water quality of the area is rich in inorganic constituents. Totat
dissolved solids (TDS) in the mine spoil water-beanng zone are generally very high (3.000
10 5.000 mg’l in most welis and up to 8.380 mg/ in MW-7A). Some bedrock TDS ievels
are comparably high: the TDS ranges in bedrock wells are considerably lower (generally.
1.000 to 2.000 mg/l) but increase to 3.000 to 3.500 at monitoring wells near the influence
ot recharge from the shallow mine spoil water-bearing zone.

A number ot contaminants were detected in several water-bearing zones. However
the distribution of these analytes shows no systematic pattern indicating a well-defined
plume from the Waste Pit, with the possible exception of benzene (MW-4A, MW-8A, and
MW-8B) and no detinable plume associated with the general landfill. However,
contaminants may be migrating from the Waste Pit shont distances through ground water
and through leachates near the Waste Pit, and discharging to surtace water.

Nine surtace water stations were constructed o monitor surface water-quality during
paseflow and storm fiow conditions in Kings Run, Unnamed Run, and Littie McMahon
Creek. Two surface runoff stations were installed to monitor storm events.

Kings Run. Unnamed Run, and Littte McMahon Creek are all affected by depressed
pH and other typical effects of acid mine drainage such as elevated concentrations of
metals. Concentrations of most inorganic constituents generally increase from upstream to
downstream locations, as would be expected.
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Very few organic ccmpounds were detected in surface water samples. with the
exception of common laboratory contaminants. Where detected. organic compounds were
at extremely low conceniralions at or near detecton levels. Arsenic, barium, chromium.
lead. mercury. silver, and selenium were detected at elevated congentrations in some
locations.

Eleven sediment samples were collected near surface water stations. Other than
common laboratory contaminants, no volatile organic compounds were detected in any of
the sediment samples. Nine semivolatile organic compounds typical of the composition of
undisturbed mine spoil were detected. The concentrations of all ¢f these contaminants
were more than an order of magnitude less than concentrations in the mine spoil. The
distribution of metals in sediment varies between the different drainages. but metal
concentrations are generally higher in upstream locations because these locations are less
attected by dissolution of these metals (this dissolution is a result of the elevated pH
charactenstic of AMD).

Six samphing locations were selected to provide data on leachates. springs on the BRL
site and in the Unnameg Run drainage. Three leachates were sampled in the immediate
vicinity of the Waste Pit area (L-1, L-2, and L-5). Of these. only L-2 has the potential of
being affected by the Waste Pit. Leachate L-1 emerges from mine spoil and garbage and
L-5 emerges from mine spoil. A sampling location was also selected in the Unnamed Run
drainage {L-6) to provide additional information about acidic leaching of mine spoil materials
unatfected by any contaminants from the Waste Pit or the landfill. Al of the leachate
sampling locations except L-3 are atfected to some degree by the presence of mine spoil
in the /mmediate vicinity of the sampling location. The leachate sample trom the Benwood
hmestone, L-3. aithough identified as a leachate tor the purposes of this investigation. is
more correctly termed a spring. The leachate at the toe of the landfill (L-4) is a major
discharge point for the mine spoil water-bearing zone.

Several volatile ang semivolatile organic compounds were detected in teachates from
the Waste Pitmine spoit. garbage and from the mine spoil and garbage.

Metals concentrations were elevated for arsenic (L-5 and L-6), cadmium (L-5 and
L-6), and chromium (L-5 and L-6). Because L-5 and L-6 represent pre-landfill conditions
for acidic leachate unatfected by the Waste Pit or iandfill, these data indicate that much of
the contaminant loading in surface water for these metals and much of the ground-water
contamination for these metals are the result of leaching from the mine spoil, rather than
from waste disposal activites associated with the operation of the site.

Asbestos fibers were not present in samples collected during quantitative air sampling
at the Asbestos Disposal Area. Some volatile organic compounds present in the Waste Pit
soils are possibly being released in low concentrations to the air, but firm conclusions
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cannct be made due tQ high up-wing contaminant concentrations n the area of the ste.
The rate of release 1s very shight. even under weather conditions 'deal for maxmum
concentrations 10 occur {such as high ampient air temperatures anrd hght winds;. Heavy
metals are either present in extremely tow concentrations or absent aitogether in sample arr
collected at the site.

With respect to aquatic ecosystems. afl sites surveyed appeared to be impacted and
results of both fish and macroinvertebrate surveys demonstrated a pronounced gradient in
stream water quality in the vicinity of the site. The szarcity of benthic macroinvertebrates
and the absence of fish 1n downstream locations on - :ngs Run and Unnamed Sun
suggests that the instream environment is extremely zoor at these sites, with conditions in
Unnamed Run being least favorable to living organisms,

, Along Kings Run, abundance and richness of both fish and benthic
macroinvertebrates declings from below the impoundment to Little McManon Creek. but the
decline in figh abundance was much more rapid than the observed gradient in benthic
macroinvertgbrate abundance. A similar phenomenon was also observed in Little McMahon
Creek. the fish population exhibited much more drastic reductions in numbers than benthos
gong downstream. suggesung that environmental stress is near the lethal threshold when
orgamsms. especially fish, are exposed to water from Kings Run and Unnamed Run.

The data clearly show that fish and benthos are strongly impacted by poor quality
water from Unnamed Run primarily and. to a lesser extent, from Kings Run. The effect
from discharges from mine spoil is s¢ severe, however, that the effects from any
contaminaton arising from the Waste Pit or the genera! landfill is statistically unobservable.

1.3.2 Nature and Extent of Contamination

The focus of the remedial investigation was on possible migration of hazardous
substances from the Waste Pit at the northern end of the landfill. Complete analytical
results from the borings are cortained in Appendix C of the Ri report (Versar 1989). Of
the compounds detected, the RI report (Versar 1989, revised by Ohioc EPA and U.S. EPA
6/90) identities six contaminants potentially indicative of the Waste Pit, due to significantiy
higher concentrations compared to corcentrations found in mine spoil or mine spoil pius
garbage. These contaminants are benzene. toluene, ethylbenzene, total xylenes,
chromium, and zinc.

Maximum concentrations of benzene, toluene, ethylbenzene, total xylenes, chromiurn,
and zinc were 19,000 ug/kg. 142,000 pg/kg. 303,000 pg’kg. 907,000 ug/kg. 276 mg'kg. and
20.400 mg'kg. respectively. The maximum concentrations of benzene, toluene.
ethylbenzene, and total xylenes in the Waste Pit borings were all from WP-2 at depths at

L}
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12 to 15 feet. Maximum concentrations of chromium and zinc were from WP-4. at depths
ot 21 to 24 feet

From general langfil angd mine spod bonngs. mMaximum concentrations of benzene.
toluene, ethylbenzene. and total xylenes were ali from boring MW-2Ax, at a depth of 20 1o
25 feet. These values are 94 ug'kg (81 on reanalysis). 240 mg'kg (220 on reanalysis).

45 ug/kg (39 on reanalysis), and 150 ug'kg (130 on reanalysis). respectively. The
maximum concentration of chromium (38 mg'kg) was found at a depth of 15 to 18 feet in
boring 3AA. The maximum value of zinc (3.650 mg'kg) was found at a depth of 20-25 feet
N boring 9A.

It is expected that contaminants present in the ground water (or those that could

migrate to the ground water) would be transported in the same direction of ground-water "
mevement. Ground-water movement on the site is not weil defined due to the extremely

complex hydrogeology. Ground water in some water-bearing zones might be expected to

move eastward. in accord with the siope of the land. The Waste Pit indicator compounds

found in MW-7A. MW-4A. MW-8A, and MW-8B. all of which are located in the suspected
gowngradient direction trom the Waste Pit. support the hypothesis that contaminants may

have moved some distance from the Waste Pit.

Low concentrations of the indicator volatile organic compounds (VOCs) were detected
during only one of the three sampling rounds of the leachates and springs at Leachate L-2.
The ndicator metals were reported in all leachates, except the Benwood spring (L-3)
(Versar, 1989). during all three sampling rounds. Leachate L-6, located a half-mile
southwest of the Waste Pit in the valley of Unnamed Run and well beyond the landfill.
reported the highest concentrations of chromium ang zinc. [t is unlikely that the water in
the Waste Pt soils would move westward towards Unnamed Run contrary to the slope of
the land surface. but that possibility cannot be totally discounted.

None of the VOCs or chromium were found during the sampling of the six domestic
wells and one domestic spring focated in or near the valley of Littie McMahon Creek. Zinc
was found in ail the wells with the highest concentration at 226 ug/!l. No zin¢ was reponted
in the domestic spring.

None of the indicator VOCs are reported from any surface water source sampled
during the RI. The indicator metals concentrations were relatively high. The concentration
ranges of 14 to 219 ug'l and 28 to 1,030 ug/l for chromium and zinc, respectively,
considering the data from Kings Run and Little McMahon Creek together. It is not possible
to determine if these values suggest an origin for the contaminants in the Waste Pit or
simply reflect the general character of the landfill and mine spoil materials.
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The sediment samples reponed only trace indicator VOCs and low concentratiors o
the indicator metals. Thnese values are of Iittie significance with respect to the ongir ¢f the
contaminants.

1.3.3 Endangerment Assessment Summary

The Endangerment Assessment (EA) examined the non-cancer hazards and cancer
risks assoc:ated with a group of 12 indicator contam:nants which are representative of
chemicals wnich may account for the majority of the nealth-based risk at the site. Tre
hazards/risks attributable to these analytes are compzred to hazards/risks associated with
pre-landfili conditions (conditions which would include Zontamination levels resulting from
mine spoil). The exposure assessment examined pr-sently existing exposures for the site.
as well as exposures which could result from future z-d use activities. Exposures anc
hazardsrisks for indicator contaminants detected in r:sidental wells in the vicinity ot the
site were 3lso examined.

None of the existing exposure pathways were associated with signiticant
noncarcinogenic hazards tor aither the site or pre-landfill conditions. Of the existing
exposure pathways identiie. -or the site. the possibie inhalation of fugitive dusts resuited in
cancer risk estimates assoc._:ed with adverse human health effects. Soil concentrations of
arsenic and chromium were tne primary sources of these increased estimates. These
results indicate that bikers. hunters, hikers or other such trespassers may be subject to
potential heaith etfects from the inhalation of contaminated tugitive dusts or dermal contact
with soils or dusts from the site. At the same time, it must be noted that contaminant
concentrations in windblown dusts were determined from a modeling effort and not actua!
ambient air monitoring at the site. Conservative assumptions were included in these
caiculations which may or may not result in overestimates of exposure concentrations.

The potential exposure pathways provided exposure concentrations for the site which
were, for nearly all cases, higher than pre-landfill concentrations. These contaminant levels
in ground water ang surtace water were also associated with noncancer hazard and cancer
risk estimates (tor all exposure media) which exceeded the standard hazard index ot 1.0.
and the cancer risk level of 1.0 . 10°, respectively. Such exposures could potentially
cause adverse effects in humans at the site under a future use scenario. On an individual
basis. the Agencies believe that ingestion of surface water and ground water from the
Redstone limestone and mine spoils water-bearing zones were pathways which contributed
maximally to the total noncancer hazard for the potential exposure pathways. When the
individual pathway hazards for these chemicals are evaluated and grouped according to
chemical-specitic critical effects, the primary contributors to hazard indices which are
greater than unity include: arsenic, chromium, cadmium, carpon tetrachionde, and
1.1-dichloroethene.
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With respect t0 cancer risk. the levels of contaminants in all of the aquifers and :n
surface water were associated with nisks which exceeded 1.0 x 10®. The indicator
chemicals were not detected in the pre-landfill ground-water samples, or were found at
lower concentrations than the leveis found in other media at the site, thus precluding the
attribution of these risks to pre-landfill conditions. Further examination of the specific
chemical risks reveals that arsemic provides a major contribution to the excess risk in all
the potential exposure pathways (ground water, surface water, and soils). Benzene also
contributes to the excess pathway risks for ground-water ingestion and inhalation of VOCs
during showering with ground water. Carbon tetrachioride and 1,1-dichioroethene risks are
elevated for ground-water ingestion, inhalation, and/or derma! contact (with the exception of
the Redstone and Wegee limestone aquiters). PAH risks were elevated tor surficial soils
ingestion. Arsenic and benzene provide the greatest overall input 10 the pathway-specitic
rnsks in terms of the frequency at which these compounds exceed pre-landfill risk estimates
and the 1.0 x 10° increased cancer risk benchmark.

For some chemicals. noncancer hazards ang cancer risk estmates for pre-landfili
conditions were aiso in excess of acceptabie limits. although these hazards/risks were not
as high as the values found for the site. These resuits indicate that some portion of the
excess hazards/risks at the site may be attributable to pre-landfili conditions.

Three indicator chemicals were identified in the off-site residentia! well water;
cadmium, lead. and toluene. The results for analyses were examined under the potental
(chronic/lifetime) exposure scenarios (i.e., ingestion, dermat contact, and inhalation of VOCs
while showering). The hazard estimates for the off-site residential wells do not indicate any
excess hazards from cadmium, iead, or toluene for the exposure scenarios where the welis
are utilized as the primary potable water source. Comparatively, the three indicator
chemicals found in the off-site residential well water were not chemicals which presented
health hazards.risks on-site (tor either existing or potential exposure pathways). These
findings may indicate that the on-site chemicals of concern are not impacting off-site
residential wells. Lead levels in the soils on the site were consistently less than 110
mg/kg. Similarly, lead levels in ground-water samples on-site were below the MCL of 0.05
mg/d. Toluene (& noncarcinogen) was not found to occur at levels associated with
noncancer heaith effects at the site. Cadmium igvels did not contribute to increased
hazard/risk estimates (compared to pre-iandlill levels) in the potential exposure pathway
calculations.

In summary, it appears that the concentrations of compounds at the Buckeye
Reclamation site couid potentially result in human heaith effects from both existing and
potential exposure routes. From a noncancer hazard standpoint, exposures associated with
potential future use activities involving groung water or surface water utilization are of
primary concern. However, the Agencies believe that contaminant levels in the
environmental media at the site are associated with unacceptabie cancer risk estimates for
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exposures which concervably may presently ex:st at the site. as well as for potential future
use exposure. Excess cancer risk estimates were :dentfied for exposures to site soil.
ground water. and surtace water. Comparnison of these total hazard and carcer rnisk
estmates to pre-landfill results indicates that the excesses are not totally attributabie 1o
pre-landfil conditions. For the tuture use scenarnos, contaminants were either undetected
in the pre-landfill samples or occurred at lower levels than in the site samples.

While some exposure routes identified as potental exposure pathways may not
present risks 10 human popuiations, they may be very relevant to potential effects on the
flora and fauna at or in the vicinity of the site. The fish and wiidlife in the vicinity of the
site may be atfected by exposure to site contaminants. The potential for adverse effects
from contaminant uptake by fish or wildlite couid be passed on to humans if they consume
fish or wildlife from the site.
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2.0 THE FEASIBILITY STUDY PROCESS

2.1 Introduction

The Feasibility Study (FS) for the BRL site develops an appropriate range of waste
management options that are screened for effectiveness, implementability, and cost, relative
to other options within the same technology type. These remedial options are developed
specifically by site media (e.g., surface water, soil, ieachate, ground water). Next, the
media-specific process options are combined into comprehensive, site-wide remedial
alternatives. These alternatives are then screened in more detail for eftectiveness.
implementability, and cost. During this phase of screening, options for source containment
(e.g.. capping) may be compared to options for source eiimination (e.g., treatment). Those
alternatives that survive this screeming are then subjected to detailed evaluation based on
nine criteria derived from statutory provisions in Section 121(b)(1)(A) of CERCLA. The
results of this assessment are arrayed t0 compare the alternatives and to identify the key
trade-offs among them. This approach to analyzing alternatives is designed to adequately
compare the alternatives. select an appropriate remedy for the site, and demonstrate
satistaction ot the CERCLA remedy selection requirements in the Record ot Decision
(ROD).

2.2 Summary of Elements

This section of the repert discusses each element of the FS process as an overview
and guide to subsequent sections. The first step in the FS process is to establish remedial
action objectives. These objectives were first developed during the RI for the BRL site.
and were refined as much as possibie based on interpretation of the Rl findings. Section
3.0 of this report discusses general, site-wide and media-specific remedial objectives.
These remedial objectives for the BRL site were assembled based on site characterization
data, the stipulated applicable or relevant and appropriate requirements (ARARs) developed
by EPA for the BRL site, and the findings of the site endangerment assessment. which are
each discussed in Sections 1.0 and 3.0 of this report.

After remedial action objectives are established, general response actions describing
which containment, treatment, or removal actions that may be applied to each site media
{(ground water, surface water, leachates. and soils) are assembled. This step is discussed
in Section 4.0 of this report.

Section 5.0 of this report identifies potential treatment and disposal technologies for
each general response action. These technologies are screened for implementability.
eliminating from further consideration those technologies that cannot be technically
impiemented at the BRL site. Aiso in Section 5.0, the process options that survive
implementability evaluation are subjected to a second-stage screening for implementabihty.
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eHectiveness. and re’ative (order-of-magnitude} cost Representative processes are chosen
tor each technoiogy type. but processes in diferen! technoiogy types are not compared to
one ancther. :

The surviving media-specific tezhnologies are combined into site-wide remedial
alternatives that constitute coms- sive remedial plans. The site-wide remedial
alternatives are screened basec 2itectiveness, implementability. and cost. As many
alternatives as possible are eiiminated prior to detailed evaluation. This screening step is
presented in Section 5.0 of this report.

in Section 7.0 the remedial alternatives surviving screening are evaluated in detail.
based on critena dernved from CERCLA statutory provisions. This evaluation is pertormed
to provide the EPA decision-makers with sufficient information to compare the alternatives.
select an appropriate remedy. and meet CERCLA remedy selection requirements in the
RQD.
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3.0 REMEDIAL OBJECTIVES
3.1 introduction

The general objectives of remedial actions at CERCLA sites are stipulated i~ the
National Contingency Plan (NCP). Consistent with this provision, the remedial action
objectives developed for the BRL site are intended to minimize and mitigate speciic
potential threats to human heaith or the environment, adequately and permanently
protecting human health and the environment.

3.2 Remedial Action Objectives

The Remedial Investigation at the BRL site identitied the approximate concentrations
and locations of the contaminants on site. Twelve indicator chemicails were selected in the
Endangerment Assessmert (EA) as accounting for the majority of health-based risk from
the conditions at the site. These chemicals are:

. Arsenic

. Benzene

. Beryllium

. Cadmium

. Carbon Tetrachlonde

. Chromium

* 1.1-Dichiproetnene

. Lead

. Nickel

. Polycyclic Aromatic Hydrocarbons (PAHS)
. Toluene '
. Trneriloroethene

The remedial action goals for the site are developed for protection of human heaith
and the environment from the site contaminants. These goals, and the subsequent '
deveiopment of response actions {0 satisfy these goals. must comply with the current
National Contingency Ptan {(NCP) and the requirements of the Comprehensive Response.
Compensation and Liability Act ot 1980 (CERCLA), as amended by the Supertund
Amendments and Reauthorization Act of 1986 (SARA).

The heaith and environmental risks identified in the EA provide the basis for
estabiishing the remedial action objectives tor the site.
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The EA indicates that there are three sigmificant exposure and contaminant pat~ways
existng on the site. These pathways are:

. Dermal contactinhalation.ingestion of surface soi's.

. Migration of contaminarts from surtace ang subsurlace soils infs groung
water surface water.

. ingestion of contaminated ground water/surface water.

The lollowing media. therelore. present an existing or potential threat to public heaith
and the environment:

. Surface ‘Subsurface Soils
. Ground Water Surtace Water

Although the subsurtace soils present no current threat to human health, they are a
source tor continuing ground-water contamination resuiting trom rainwater infiltration througn
the contaminated soils and into the ground water. The contaminants of concern, the
cleanup leveis for these contaminants. and the remedial action goals for the soil and water
matrices are detailed separately in the following sactions.

Based upon the evidence presented in the Final Remedial Investigation Report. the
water contamination probiems associated with the site (both ground water and surface
+a3ter) can be addressed by remaediating the syrtace water. The sedimentary rock that
aderlies the ridge on which the landfil and mine spoil deposits occur receives discharge
by infiltration ot precipitation, largeiy on the outcrops on the sides of the ridge. This
complex collection of various water-bearing units present beneath the site makes
characterization ¢f the regional ground water beneath the site difficult, at best. One aspect
of the ground-water flow that may be surmised from the data, however, is that most of the
water that enters the consolidated rocks is eventually discharged to the surface. iargeiy
through lateral flow. The ground water, after being discharged to the surface, will be
treated along with surface water.

Additional hydregeologic investigation will be necessary to provide further data on the
extent of ground-water contamination and to determine the potential for contaminated
ground water to discharge beyond the proposed collection drain.

Furthermore. the data in the Remedial investigation Report suggest that local water
supplies are currently not threatened by tne site ground-water contamination, but that the
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e'evated levels of contaminaton in the surface water could potentially lead to future
contamination it the ailuvial aquifer in the Little McMahon Creek valley which 1s used by
local residents. The water remediation technologies for the site will theretore tocus on
surface water remediation as a means o reduce the threat posed by the contaminants
within the water matrix on the site.

The soils at the site have been contaminated with both inorganic and organic
contaminants due to the waste disposal activities and the presence of mine spoil. Soil
samples coliected during the RI indicate that seil contamination by both organic and
inorganic constituents exists throughout the site. The compounds that present the most
serious health risks in the soil consist mainly of inargamics from the landfiling practices and
mine spoils.

The population potentially at risk via dermal contact. ingestion, or inhalation of the soi
at the site consists of those people who trespass onto the site, and those who work on the
site. Local neighboring residents can currently enter the site at will as access to the site 1s
not restricted.

The EA identified arsenic, beryllium, and polycyclic aromatic hydrocarbons (PAHs) as
having an excess cancer risk of above the 1 x 10* lavel. Existing pathway site heaith
tisks for the soit matrix includes a maximum excess cancer risk of 1.04 x 10° (for Dint
Bike. Trespassers Exposure Scenarios) and the potential pathway risk upon development of
the site poses an additional maximum excess cancer risk of 4.52 x 10°.

The remedial action goal for the soil on the Buckeye Reclamation site is. therefore. to
provide protection of public hegalth and the environment. This can be accomplished by
limiting direct physical contact with the contaminated soil to reduce the threat of dermal
contact, inhalation, and ingestion of sails. In addition, the remedial action goal for the soil
at the site includes addressing the potential for contaminated soil to act as a source for
future ground-water contamination. This goal is of utmost importance because the
probability of off-gite migration of the contaminants from the soil to ground water and
eventually to surface water.

The population potentially at risk from the contaminated surface water are those iocal
residents using the underlying alluvial aquifer in the Little McMahon Creek valley as their
water source in the vicinity of the site. Although sampling from surrounding private wells
revealed no contamination attributable to the site, sampling of the surtace water in Kings
Run revealed the presence of severat inorganic contaminants that exceed Federal drinking
water standards. These maximum contaminant concentrations and respective Water Quality
Criteria (WQC) for Discharge to Surface Water Near a Potable Water Intake are as follows:
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Water Cuz ty Creera for
Discharge !¢ Surace Water

Maximurm Site Concentration near Potabie Water Intake
Cremical (mg:h {mg.1)
Arsenic 9.2 x 10° 25 x 10°
Beryliium 1.1 x 10° 29 x 10°
Leag 0.118 5.3 x 107
Nicket 0.454 1.5 x 10°
Chromium 1.0 x 10° 8.0 x 10°

The EA revealed a maximum concentration increased cancer rate of 1.57 x 10 fer
ex:sting surface water expesures. and a maximum concentraticn increased cancer rate for
petential exposures of 2.56 x 10°. These nigh excess cancer rates for potential exposures
to the surface water matrix are primarily rom arseni¢c and beryllium contamination. In
addition to the carc:nogenic rsk, a noncarcinogenic nsk factor in excess of 1.0 {i.e.. having
a significant noncarcinogenic risk) was identified for both the average site surface water
sample concentrations for potential exposures (risk factor = 1.31) and maximum site
surface water concentrations (risk factor = 5.69). These noncarcinogenic risks are due
primarily t@ arsenic and chromium contamination.

The acid mine drainage aspects of the site further complicates the overall site
contaminaton probiem. Acid mine drainage is the natural by-product of the oxidation of
iron in the mine spoil that is found throughout the site. The acudity of the waste stream
not only produces a low pH leachate whis- s detrimental to the environment in itself: but
aiso the acidic leachate acis as a sirong .ent that mebilizes many contaminants in the
soil that would normally pe siable in a ne.:-al environment. Kings Run is currently at a pH
of approximately 3.0: this must be brought 12 a more neutral vaiue (7.0) to be more
compatible with aquatic life. .

Based on the acove conditions. the remedial action goal for the surtace water at the
Buckeye Reclamation site is to restore the surface water to a usefui. less threatening state
by reducing the levels of the contaminants present. The proposed target cleanup level
goals are to achieve ARARs for surface water cleanup. as well as to achieve a hazard
index of <1.0 and an overall increased cancer risk of <1 x 10*. The physical parameter of
pH of the surface water must aiso be addressed to benefit the envirgnment. a more neutral
pH range of 6.0 10 8.0 wilt be the goal tor surface water leaving the site.
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3.3 Potentially Applicable or Relevant and Appropriate Requirements
{ARARS)

Section 121(d) of CERCLA, as amended by the Superfund Amendments and
Reauthorization Act of 1986 (SARA), requires that fund-tinanced, enforcement. and federat
facihty remedial actions comply with requirements or standards under federal and state
environmental laws. The requirements that mus! be complied with are those that are
applicable or relevant and appropriate to the hazardous substances. pollutants, or
contaminants at a site. or to the circumstances of the release. Compliance is required at
the completion of the remediat action for hazardous substances, pollutants. or contaminants
that remain on site.

The three classifications of potential ARARs are chemical specific. action specific. and
location specitic which are addressed. respectively, in Sections 3.3.1, 3.32. and 33.3. "To
be considered” criteria (TBCs) are included with the ARARs for each classification.

3.3.1  Chemical Specific ARARs

Chemical specific requirements are used to set concentration limits or discharge
lirtations n various media for specific hazardous substances. pollutants. or contaminants.
Appendix A contains potential chemical specific ARARs and TBCs for water including the
finat maximum contaminant levets (MCLs) tor drninking water, proposed MCLs. maximum
contaminant level goals (MCLGs). secondary MCLs. ambient water quality criteria (AWQC)
for surface water. and health advisories tor drinking water. However, EPA may establish
site specific exposure-based alternate concentration limits {(ACLs) where the ground water
cannot be used for drinking because ot naturally occurring widespread contamination or
where cleanup s not practicable and where the circumstances fullill the conditions of
CERCLA Section 121(d)}(B)(i) (U.S. EPA, 1988. CERCLA Compliance with Other Laws
Manual at page xviii).

3.3.2 Action-Specific ARARs

Action-specific requirements generally set performance, design, or other similar
controls or resirictions on particular activities related to management of hazardous
substances or poliutants. An example of an action-specific requirement is the pertormance
standards for incineration of hazardous waste in RCRA Section 264.343. RCRA provides
the largest number of action-specific requirements because it is the statute directed toward
hazardous waste management. Potentiai action-specific requirements for Buckeye
Reclamation Landtill are contained in Appendix A. These aclion-specitic requirements do
not determine the remedial alternative but do determine how a selected alternative must be
achieved.
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3.3.3 Location-Specific ARARs

Location-specitic requirements are design requirements or activity restnctions based
on the geographical or physical positon of the site and its surrounding area.
Location-specific requirements might come from RCRA location requirements, 40 CFR
Part 6 Subpart A, that set U.S. EPA pc.cy for carrying out provisions of Executive
Orders 11988 (Fiood Plain Management) and 11990 (Protection of Wetlands). Potential
location-specific requiremerts for Buckeye Reclamation Landfill are contained in
Appendix A.

3.4 Remediation Objectives

Remediation objectives tor the © 5L site address the site problems discussed in
Section 3.2. Consistent with the ger il remedial objectives tor CERCLA actions. the
med:a-specific response actions are 1 "nded to mitigate possible threats to hurman health
and the environment which were characterized in the Rl and EA. As noted in Section 3.2.
exis =g or porential threats t¢ oublic health and the environment exist for ground water
wh  emerg:s as surface water. and contact with surface and subsurtace soils to which
the . .pblic mignt be exposed. The media-specitic remediation objectives are presented and
adisc. 35ed below.

3.4.1 Ground Water
34.1.1 On Site

Response actions for site water-bearing zones are intended to maintain and-or attain
acceptable concentrations of contaminants emanating from the Waste Pit or the general
landfitl in the ground water and eventually discharging to surface water. This objective can
be achieved by permanently immobilizing contaminants «n the Waste Pit and fill area via
minimizing recharge to ground water, and by controlling discharge of ground water to
surtace water.

3.4.1.2 Off Site

Response actions for of-site ground water, specifically the domestic wells
downgradient of the site and Howard Spring, are linked to those for on-site ground water in
that by controliing releases of ground water to on-site surface waters, the possibility of
contamination in the domestic wells near the site by contaminants emanating from the site
will be significantly reduced or eliminated.
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3.4.2 Surface Water

Response actions for Kings Run are intended to maintain and or attain acceptable
concentrations of contaminants attributable to the Waste Pit or general landtill in the water.
thereby restoring the surface water to a useful. less threatening state by reducing the ilevels
of contaminants present. This objective is linked to those for on-site ground water and
leachate seeps (below) in that by controlling reieases to surface water from the landfil,
contaminant ievels in surtace water will be reduced.

3.4.3 Leachate Seeps

Response actions for site leachate seeps are intended to attain acceptable
concentrations of contaminants attributable to the Waste Pit or general landfill entering
surface water. This can be achieved via contanment measures (e.g., capping), which
minimize leachate generaton by controlling water infiltration, and by collection ang
treatment of the existing surtace leachates until they dry as a result ot capping and
reduction of recharge.

34.4 Soils
3.4.4.1 Waste Pit

Response actions for the Waste Pit soils contaminated at a depth of 12 feet and
below are intended to permanently immobilize contaminants contained in the pit via
containment measures. which wouid eventually lower the water table below the pit, or
source elimination (i.e.. excavaton and treatment of solids). These actions wouid aiso
significantly reduce or eliminate the possibility of contaminants entering the ground water
and hence to surtace water. and in leachate seeps.

3.4.4.2 Landfill Solls

For soilg in the general municipal landfill area. response actions are intended to
provide protection to public health and the environment by limiting direct physical contact
with the surticial soils thus reducing risks due to dermal contact, inhalation, and ingestion,
and to immobilize contaminants contained in the landfill via containment measures. EPA
de-emphasizes remedies involving treatment of large municipal landfills, which generally
have large volumes of low concentration wastes, because treatment may be prohibitively
expensive or difficult to implement (EPA, 1988). Theretore, these two remediation
objectives can be accomplished eflectively by containment (capping).

#02280°2:2 B CKEVE S NS 538 28



4.0 DEVELOPMENT GENERAL RESPONSE ACTIONS

General response actions are medium-specific groups of remedies which are
assembled to meet the remedial action objectives at the site. The genera! response
actions for the Buckeye Reclamation site. along with the remedial techriologies which
compose the response actions, are developed and listed separately for the sol and water
matnces below.

The remedial objective for the soil is the protection of public health and the
environment by limiting contact with the contaminated soil. General response actions were
deveioped primarily to fimit direct contact with the conta—inated soil. In addition. the
general response actions and technology types for the soil are developed to assist in
meetng the remedial action objectives for ground water and surface water. Other
contaminants in the soil {(e.g.. metals and acidic leachate) may act as a sowrce for future
surtace water contamination.

The remedial acton objective tor surface water is the protection of publc health and
the environment by remediating contaminated surtace water. This can be accomplished by
deveiomng ang utiizing general response actions that control or eliminate surtace runo#,
surtace leachates. and ¢round water entenng surface water. At the BRL site, the general
response actions and technology types intended 10 achieve the remedial objectives are
hnked in that implementation ot one technolegy type for one medium will contribute to
remediation of another medium.

These response actions are presented in greater detail in Table 4-1 for each
envirgnmental medium and remechatl objective.
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5.0 SCREEN GENERAL RESPONSE ACTIONS REMEDIAL TECHNOLOGIES
51 Introduction

The objectives of the technology s¢reening process are to eliminate the infeasible
technologies and process options from the master list of General Response Actions
presented in Table 4-1, and to select the most viable process option from each technology
group. it possible. The selected process options will then be combined to torm potential
remedial alternatives for the site.

The screening and evaluation of process options was performed in two phases. The
first phase consisted of identitying the universe ot potentially applicable process options and
technology types. ang evaluating these options with respect to technical impiementabulity.
Dunng this screening phase. options were evaluated based on site charactenistics.
contaminant types and concentrations, and technology constraints. Those options that
couid not be effectively implemented at the site were screened out from further evaluation.

The second phase consisted of further evaluating the options that were considered to
be implementable based on the first evaiuvation and screening phase. Within each
technology type. the effectiveness. cost, and implementability of the ontions were further
evaluated and compared to one another. Emphasis was placed on ti.e eftectiveness of the
options. Where possibie. one representative option was selected for turther evaluauon from
each technology type. In addition. technology types within a general response action were
compared to each other.

The following sections present the screening and evaluation of process options for
each media (i.e.. ground water, surface water, surface leachate seeps. and soiis) at the
BRL site. For each media. the scope of remediation, phase one screening and phase two
screening are discussed. The technology evaluation for the surface leachate seeps
includes a more detailed discussion of treatment options for combined leachate and
ground-water flows.

52 Ground Water

5.2.1 Scope of Remediation

Ground water at the site moves downgradient to the southeast, eventually discharging
into Kings Run. Remediation invoives measures to reduce infiltration to ground water.
measures to extract and treat ground water, and/or measures to intercept and treat grouna
water before it discharges into Kings Run.
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522 Phase One Screening

Remed:al technologies and process options dentified for the general response aciors
for ground-water remediation are presented in Table 5-1. During phase one of the
screening process, these technologies and options were scregned with respect to their
mplementability at the BRL site. Most of the technologies and options nitially identified
were eliminated from further consideration because site conditions, such as fractured
bedrock water-pearing 20nes. low hydraulic conductivity in the bedrock water-beanng zones,
and the heterogeneity of the mine spoil water-bearing zone, limited the feasibility of
collection and in situ treatment of ground water. Control on the discharge of ground water
to surface water can be impiemented by collection draing along Kings Run, however.

Table 5-2 summarizes those remedial technologies and process options remaining after the
phase one screening was completed.

5.23 Phase Two Screening

The ground-water remedial technologies and process options remairming after the
phase one screening were evaluated in greater detail during phase two screening. These

technologies and options were screened with respect 1o their effectiveness. implementabihity.

ang cost reiative to other process options within the same technology type, with emphasis
on etfectiveness. as shown on Table §-3. Cost was used as a screening criterion oniy if
process options within a technology type had equivalent degrees of effectiveness and
implementability. Based on this screening, deed restrictions, on-site and off-site
ground-water monitoring. containment by capping. and collection by subsurtace drains
remamned as potentally applicable process options, as shown on Table 5-4.

53 Surface Water

Along its course, Kings Run receives discharges of ground water from the landfill
area, ‘eachates from surface seeps. and runoff from the general landfill during storms.

The Endangerment Assessment for the site showed that Kings Run surface water
posed a potential future risk to human heaith by ingestion but the pre-landfill condition,
represented by the upstream sampling station on Kings Run, did not pose a signiticant risk.
Theretore, contamination of Kings Run to levels posing significant risk is caused by
discharges from the site through the pathways noted above.

Remediation of ground-water discharges to surtace water is discussed in Section 5.2,
coupled with remediation of surface leachate seeps (Section 5.4) and remediation of the
surficial soils (Section 5.5) that contribute contaminants wili achieve the remedial objective
for surtace water in Kings Run. No separate remediation of Kings Run 1s required.
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TABLE %1, IDENTIFICATICN AND PHASE CME SSREENING SF PROCESS CPTICNS FOR SITE GACUND WATER
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SUMMARY OF PROCESS Oﬂ'hCNS‘REMINING AFTER PmASE ONE SCREENING
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TABLE 3-3. PHASE TWO SCREENING OF PROCESS OPTIONS FOR SITE GROUND WATER
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TABLE %-4. SUMMARY QOF PROCESS OFFIONS REMAINING AFTER PHASE TWO SCREENING FOR
GROUND WATER
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5.4 Surface Leachate Seeps

54.1 Scope of Remediation

Surface leachate seeps discharge from the site into Kings Run either directly or
duning storm runoff events. In order to achieve the remedial objective for surface water.
leachate seeps must be controlied at ieast until other measures such as capping and
groungd-water collection (Section 5.2) successtully dewater the site causing the surface
leachate seeps to dry.

The ieachates sampled during the Remedial Investigation that require remed:ation are
L-1 and L-2 located in the vicinity of the Waste Pit, L-§ located north of the landfill draining
into the impoundment, and L-4 located at the southern toe of the landfill. Leachate seeps
L-3 and L-6 do not originate from the landfill and do not discharge into Kings Run and. '
therefore, do not affect the guality of Kings Run during either basefiow or stormtiow. It
should be noted that L-5 is considered 1o be representative ot pre-ilangfill conditions at the
site; nevertheless, control on the discharge of L-5 is needed to achieve the remedial
objective for Kings Run. Other site-derived ieachate seeps that may be discovered during
remedial design.remedial action (RD./RA) will also be remediated.

The pnmary constituents of concern are heavy metals. 10 a lesser extent, volatie
organic compounds present in leachates L-1 and L-2. and low pH. These surface leachate
seeps are the most significant of the known seeps at the site and form the basis for
evaluation and costing of remediation for this medium. Provisions for control of new seeps.
should they occur, will be addressed during design.

54.2 Phase One Screening ~

The general response actions selected for surtace leachate seeps are (1) no action,
{2) institutional actions, and (3) collection, treatment, and discharge. Remedial technologies
and process options for these general response actions were dentified and evaluated with
respect to technical impiementability. Table 5-5 summarizes the screening of leachate
process options for the BRL site.

The "no action” obtion was considered as required by the National Contingency Plan
(NCP). However, the "no action” option does not attain the remedial action objective for
surface water.

As "institutional actions”, access restrictions include deed restrictions to the properny
to limit or eliminate possible use or deveiopment of the site, and fencing around the
leachate generation points and pathways. Monitoring involves measurnng contaminants of
concern or water quality parameters.
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TABLE 5.5, IBENTIFICATION AND PHASE ONE SCREENING OF PRCCZESS OPTICNS FOR SURFACE LEACHATE SEZPS
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Under the “coilection, treatmen!. and discharge” general response action. vanous
coilection, treatment. and discharge options were considered. Only hoiding basins were
found to be technically feasible. For the treatment of these leachates. gn-site chemical,
physical. and biological process options as well as off-site treatment options were
considered.

Among the on-site chemical processes evaluated were reduction, oxidation,
precipitation, neutralization, and ion exchange processes. Reduction was eliminated from
further consideration because the polyvalent heavy metal contaminants would already be in
a reduced state at the pH of the lfeachates (i.e., iron is expected to be present as ferrous
ion, and manganese 1$ expected to be present as manganous ion). Oxidaton was
eliminated from further consideration. because it is not applicable for the treatment of heavy
metals. Neutralization (pH adjustment) and precipitation are retained as potentially
applicable processes. used together. for removal of heavy metais from leachates and
ground water.

lon exchange involves passing the contaminated solution through a bed of resin to
exchange the heavy metal 10ns in the solutions with the 10ns in the resin bed. Strong
anion exchange resins have been found to be applicable for the treatment of heavy metais.
In agdition. the ion exchange process may be applicable for the treatment of some organic
contaminants.

Among the on-site physical treatment processes evaluated, oil/water separation
process was eliminated because the waste stream is a single aqueous phase. the
houd-liquid extraction was eliminated because it is not eftective for removal of heavy
metals: and setting was eliminated as an indapendent process because it is not applicable
as a stand-alone process for the removal of heavy metals. However, setlling may be
considered as a post-treatment process associated with heavy metal precipitation (for the
separation of heavy metal precipitates from the supernatant liquid). Air stripping. steam
stripping. and carbon adsorption processes were eiminated as not applicable to removal of
heavy metals. Reverse osmosis is potentially applicable for removal of heavy metals and
some organics.

For the on-site biological tres —ent processes, aerobic and anaerobic treatments are
not applicable to heavy metals removal and were rejected. Wetlands have been used
successfully by the mining industry to remove heavy metals by precipitation, settling, ang
adsorption; this process option was retained.

POTW and RCRA facilities were considered for off-site treatment but were rejected

due to the fact that large volumes of water would have 1o be transported tens to hundreds
of miles 1o implement this option.
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For the discharge of the treated leachates and ground water, the on-sie discharge
options evaluated include discharge 1o the iocal stream (i.e., Kings Run), and on-site
injection. Discharge to Kings Run 1s potentially applicable. but on-site injection of the
treated water s contrary o this generai remedial objective of dewatering the landftiil. Piping
of the treated ieachate to the Little McMahon Creek is potentially applicable if the leachates
are treated on site. Discharge of the leachate to a surface body after treatment was
rejected as no suitable water body is located within a reasonable distance from the site.

A summary of the process options remaining after phase one screening is presented
in Table 5-6.

5.4.3 Phase Two Screening

To develop remedial alternatives, the process options were evaluated in greater detall -
betore selecting one or a few processes to represent each technology type. This
evaluation was performed using etfectiveness, \mplementability. and cost as ¢ritena. The
analysis 1s presented in Table 5-7 and discussed below.

Coliection by a storage basin is retained in the collection, treatment, and discharge
response action. Collection of leachates (and ground water) in a holging basin or wetland
is eftective, impiementable at the site, and relatively low cost.

in comparing chemical treatment options between chemicai precipitation and ion
exchange processes, the chemical precipitation process is more effective for the treatment
of concentrated heavy metals solutions than the ion exchange process and at a lower cost,

implementation of the reverse osmosis process at the BRL site would prove to be
difficult and expensive because leachates contain high concentrations of cations and anions
as well as organics. which may frequently foul the membrane. The reverse 0Smosis
process, if implemented, would also generate more concentrated soiutions possibly requiring
further treatment before disposal or off-site disposal at a RCRA facility. Furthermore. this
process has high capital and O&M costs compared to chemical treatment processes of
equal effectiveness. Reverse osmosis was eliminated from further consideration.

R

Wetland treatment shouid prove to be effective, relatively easily implemented. and of
moderate cost assuming sufficient land area of low slope can be obtained.

For the disposal of the treated leachates at the site, discharge to Littie McMahon
Creek is more readily implementable and most cost effective since all discharge could be
gravity fed. Discharge to Kings Run would probably require a more costly pipeline ang iift
station.

822997 C1e_BLCKEVE_TE_NS_SAS ' 46



TABLE 54 SUMMARY OF PROCESS CPTIONS REMAINING AFTER PuASE ONE SCREENING
FCOR SURFACE LEACHATE SEEPS AND GROUMD WATER)

Gareral Ae~sta Lhe 10
Qeeores AZon Tecma oy e Tasctsinr
LY 1 LWV YT

DEE W N ey e T AL YR
P N W LY

PR Wy e rand AR e

T LYY el SN I T Ry

aarerary 0 g, 0= SO0 BOC. TOC,

M Uy EleEns & Fed hirg e ¥ Y

(Y o K7 N T W 27V WV N V]
EAED 4 a Y WA § N saEres e
Ny W & I ey

R ¥ Irewvarn n e et oY e aed ot e
APLE P G LR WP TN AR et T
M N E verw o

STEYNSS sl o PR TR G T
" WA

i N S il Br AL e e By
FVETTW" &Y FRaRE ) el

*railind waphdine gv duifurysd B 2 mER AN
a8 e n

‘i aoddm e dalEPd B 0t OR-a el
LS P Cremm

47



87

TABLE 3-7. PHASE TWO ACREENING OF PROCESY OPTIONS FOR SURFACE LEACHATE SEEPS (AND GROUND WATER)
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A summary of the process options remaining after phase one screening s presented
in Table 5-8

5.5 Soils

5.5.1 Scope of Remediation

The landfili, including the Waste Pit, covers an area ot approximately 50 acres at the
site. As described in Section 1.3, municipal wastes were disposed in the landfill, industrial
sludges and liquids were disposed of in a 5-acre depression (the Waste Pit), and mine
spoil was used for daily cover throughout the 50-acre landtill. Portions of the landfill and
the Waste Pit area have been capped usin~ ‘ocal clay and soil. The surficial soils of the
area pose a potential future nsk from dust .- ~alation. and the potential exists for
contaminants to be feached trom the lanatill and Waste Pit to ground water. The remedial
objectives for the landfill, Waste Pit, and surrouncing area are to limit public exposure to
surficial soils and to prevent future leaching of contaminants.

The Waste Pit consists of mine spoil, silt, garbage. oil. and clay. Samples collected
from borings within the Waste Pit indicated that volatile orgamc compounds, semivolatiie
organic compounds. and metais were all present within the Waste Pit. However, the
materiais in the Waste Pit are not distributed in a homogeneous manner, and the
contaminant concentrations vary significantly throughout the Waste Pit. In general. the
permeability of the materials in the Waste Pit are low. The Waste Pit intercepts the
Wegee limestone, and Waynesburg coal water-bearing zones. A majonty of the matenal
around the Waste Pit is mine spoil and fractured bedrock.

In general. the landfill outside the Waste Pit consists of a heterogeneous mixture of
municipal garbage and mine spoil. Samples of the landfill soils indicated low
concentrations of volatile erganic compounds, low concentrations of semivolatile organic
compounds typical of pre-langfill conditions, and heavy metals typical of pre-landtill
conditions. The landtili soils are underla - by mine spoil, virgin $oil, and fractured bedrock.
The depth of the landfill soils 15 approximately 10 to 50 feet.

5.5.2 Phase One Screening

The remedial technologies and process options associated with general response
actions for the Waste Pit and landfill soils were identified as shown on Table 5-9. Those
technology types related to containment of ground-water flow (vertical barriers and
horizontal barriers) were discussed and rejected in Section 5.2. Those technology types
are not considered in this section.
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TABLE %& SUMMARY OF PROCESS QPTICNS REMAINING AFTER PuUASE TWO SCREENING
FCOR SURFACE LEACHATE SEEPS (AND GROUND WATER,
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TABLE 5.9 IDENTIFICATICN AND PHASE ONE SCREENING OF PAOCESS CPTICNS FOR WAS™Z PIT AND _ANDFILL sZiLS
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TABLE $-9. IDENTIFICATION AND PHASE ONE SCREENING OF PROCESS OPTICNS FOR WASTE PIT
AND LANDFILL SCILS (Continued;
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During phase one of the screening process. these technologies ana optiors were
screened with respect to therr impiementabiity at the BRL site. Many of the technologies
and options initially identified were eliminated from further cons.deration because 1: sie
conditions, such as the fractured bedrock zones. low permeability of the bedrock zores.
and heterogeneous nature of the mine spoil and landfilled matenals, limited the feasibility of
certain options; 2) specific options were not technically feasibie for the type and range of
contaminants in the soils: and 3) some options had not been proven on a large scale for
the types and concentrations of wastes in the soiis. Some of the remaining options were
potentially applicable onty when used in conjunction with other options. Details tor each
process option are presented on Table 5-9. Table 5-10 summarizes those remedial
technologies and process options remaining after the phase one screemng was completed.

5.5.3 Phase Two Screening

The remedial technologies and process options remaining after the phase one
screening tor Waste Pit and langdfill soils were evaluated in greater detail in this second
phase. These technologies and options were screened with respect to their effectiveness.
implementability, and relative cost as shown on Table §-11. Particular emphasis was
placed on each option's eftectiveness. During this screening process. options and
technologies were compared to each other to evaluate their relative effectiveness.
implementability, and cost.

Based on this evaluation. all the thermal destruction options were eliminated from
turther evaluation baseg on a comparison with other on-site soil treatment options tor the
reasons provided on Table 5-11. Table 5-12 summarnzes those remedial technologies and
process options remaimng after phase two screening.

5.6 Summ f Screening Results for All Environmental Medi
The general response actions. remedial technologies. and process options which
passed Phase Il screening are summarized in Table 5-13 with a brief description of each

process option as it wouid be applied to the BRL site.

The "No Action* and “Institutional Action” apply to all environmental media and are
carried through 1o detailed evaluation.
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Remeaial technologies and process cptions for sois consider a treatment techreiogy
(sohdification stabilizabon; appiied to the Waste Pit below the surface, which may be
distinguished as a separate potental source of contamination, and containment by capping
of the entire langfill (including the Waste Pit) and the surrounding soils sufficient to prevent
public exposure to the soils and to reduce infiltration, and to prevent contamination of
surface water (Kings Run) by storm runoft. Two capping options will be considered
representing extremes in technicai requirements and cost: a full RCRA cap over the
50-acre landfill and surrounding soils and a standard landtill cap meeting Ohio
Administrative Code (OAC) requirements for regular landfill closure over the 50-acre landfill
and surrounding soils. The extent of the cap over the surrounding soils will be determined
from the standpoint of 1) that required to prevent recharge to on-site ground water, or 2)
that required to restrict public exposure to surficial soils, whichever is more extensive.

The thickness of cap required on the 50-acre landfill is fixed at a minimum by the
State ARAR (OAC requirements for landfill closure) at 2 feet of compacted clay. 1-foot of
sand for drainage. and 2 teet of top soil 10 support vegetative cover. The thickness of cap
in areas outside the tfandtill 1s constrained by the remedial objectives to significantly reduce
or elimirate recharge to ground-water bearing zones and restrict public exposure. The
thickness of cap required in areas outside the 50-acre landfill will be evaluated dunng
design.

Protection of the Kings Run watershed will be achieved through an integrated network
of french drains and collection at surficial discharge points (leachate seeps). Remedial
technoiogies and process options for ground-water remediation include containment by
capping which is accompiished by the containment options for soil remediation. and
collection by subsurface drain (French Drain) installed along Kings Run at least at those
portions where the Remedial Investigation showed Kings Run to be a gaining stream.
Collected ground water would be routed by gravity and combined with flows collected in the
surtace leachate collection system for common treatment. Ground water near the southern
end of the landfill appears to emerge as a major surtace leachate seep and will be
collected at the point of emergence (Leachate L-4). The Agencies primary objective is to
prevent discharge of contaminated waters, either ground water or leachates, from the
landfil. The Agencies believe that a french drain would be the most etfective and reliable
means of intercepting liquids emanating from the landfill. This specifics ot the leachate
collection system will be resoived during remedial design. During pre-design, ground-water
levels along Kings Run will be monitored seasonally to fully characterize flow conditions.
and the design of the French drain system will be modified as needed.

Surface leachate seeps which currently drain toward Kings Run wili be collected by
installing perforated pipe at each such seep studied during the Remedial Investigation
{(specifically, Leachates L-1, L-2. L-4, and L-5). Flows will be routed by gravity and
combined with flows from the French Drain system for common treatment near the
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southern end of the langdfill and discharge of treated water by gravity to Little McMahon
Creek. Other site-denved leachale seeps that may be discovered dunng RD RA activities
will aiso be remediated.

Options for treatment of the combined ground water and surface leachate flows
include chemical treatment by neutralization and precipitation, and treatment in an on-site
wetland. Both options will be carried through tc detailed evaluation.

The remedial objectives for surtace water in Kings Run will be accomplished by

implementation of remedial action in the sources of surface watar contamination. No
separate remediation of Kings Run wiil be required.
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6.0 DEVELOPMENT OF REMEDIAL ALTERNATIVES

6.1 introduction

In assembiing remedial alternatives. Versar combined generai response actions and
the process options chosen to represent the various technoiogy types for each medium {or
operabie unit) to form viable, potentially effective site-wide remedial plans. Alternatives are
deveioped and assembied to be consistent with the set of remedial action objectives
specitied for media at the BRL site. Also, the aiternatives address the known interactions
between site media (e.g.. soil, ground water, ieachate) in identitying contaminant sources or
eftects possibly requiring remediation.

Each remedial alternative assembied for the BRL site includes site institutional
actions. These measures may include implementing deed restrictions on site property. or

instaliing fences to restrict access to specific attected areas of the site or both. Access ~
restriclions serve to limit or prevent direct contact with possibly hazargous or toxic material.'f_
For each designated Alternative 1 through 4, various process options are combined
into comprehensive, site-wide remedial plans. Process options that survived screening are
presented in the following categories:
. Soil Remediation. This process option pertains to the Waste Pit and landfill
surficial soil and surrounding areas as required by the ARARs (standard
landfill cap or RCRA cap).
. Ground-Water Remediation. This process option pertains to the containment
and collection (underdrain and Franch draing} as well as treatment
(physicalichemical approach or biological method) and off-site discharge. N’
. Surface Leachate Seep Remediation. This process option pertains to the

comainment and collection (French drains) as well as treatment
(physical/chemical approach or biological method) and off-site discharge.

The various process options that comprise the site-wide remedial alternatives are
discussed in greater detail below.

6.1.1 Description of Institutional Actions
The institutional actions setected in developing the remedial alternative for the BRL

site include fencing, deed restrictions, ground-water monitoring. surtace leachate seep
monitoring, and monitoring of Kings Run.
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Fencing prevents unauthorized access to the site and gezd restrictions Iimit owrership
to the site. Consideration of these two options is intended 10 limit or eliminate the number
of people who may get in contact with and potentially exposed to hazardous wastes at the
site.

Ground-water monitering consists of the monitoring of on-site wells and domestic
wells as specified within each remedis alternative. The number of wells to be monitored
and the duration of monitoring activit == varies depending upon the other options proposed
tor the remedial aiternative. Specitic sampling freauencies will be determined during
RD/RA activities. Sampling frequencies cited in t+ =5 Repornt are for cost estimating
purposes only. For the remedial options that inc . capping of recharge areas
surrounding the Waste Pit, it is estimated that & - --site wells would be monitored
semannually for § years, and 12 on-site wells and 2 domestic wells would be monitored
semiannually for 30 years. This estimate is based on the assumption that within 5 years
of the cap instaliation. 8 of the on-site welis would no longer yield water. For costing the.
other remedial alternative, it was estimated that 23 on-site wells and 2 domestic wells :
would be monitored semiannually for a 30-year period. Both the number of wells. and
sampling penods will be determined during remechal design (RD).

Four leachates (L-1, L-2, L-4, and L-5) would be sampled three times per year. twice
under dry conditions and once under wet conditions. In alternatives involving capping
recharge areas surrounding the Waste Pit, L-1 and L-2 are assumed (for costing purposes
only) to be dry in § years or less. Sampiles will be analyzed for volatile and semivolatile
organic compounds and heavy metais. Other site-derived leachates that may be
discovered during RD/RA activities will also be sampled.

Costing for the surface water ~ anitoring option considers that the surface water in
Kings Run would be monitored at & ::ations (including a background station) 3 times a
year for a 30-year time period. Monitoring resuits would provide information about site
conditions and, when applicable, an indication of the effectiveness of remedial options for
other media at the site.

6.1.2 Description of Options for Landfili Solls

Two process options remain for the general response action of containment of the
Waste Pit and landfill soils. One option is to construct a cap meeting the RCRA cap
design, tha other is to construct a cap meeting the OAC standard fandfill cap design
requirements. Both designs would also include capping of ground water recharge areas to
the Waste Pit from its surrounding soils. The two capping options are slightly different in
design. The RCRA Cap (Figure 6-1) covers a larger area than the standard landfill cap
(Figure 6-2). The increased areal coverage of the RCRA cap would also require
modification in e types of drainage channels that would be required by the standard
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landfill cap. It should be noted that grading requirements for both the RCRA and stancarg
landfill cap will be aithciit. or impractical 1o achieve tor kmited areas of the langhil gue to
the great topographic reliet present on the BRL site.. The grading requirements presented
in the following paragraphs will serve as guidance criteria dunng the remedial cesign
process. These two process options are described below.

6.1.2.1 RCRA Cap

This option involves leaving the Waste Pit material in place and covering the solid
waste landfili area, the Waste Pit, and suspected sources of recharge for the Waste Pit
and water-bearing zones potentially in contact with it with a full RCRA cap. The purpose
of the cap would be to eliminate infiltration of precipitation through the landfilled material,
minimize human and animal contact with the landfilled material. control surface flushing of
acid-producing material to surface waters, and reduce the spread of acid-producing materia! -
by air and water erosion. The cap would be expected to minimize contamination of -
surface water runoft and the dispersion of hazardous wastes and contaminated surface soil -
by wind.

The instailation of a full RCRA cap would involve grading and excavation of soil and
rippable rock, adding borrow material to excavated matenals from other areas of the site to
prepare the surface bed for cap instaliation, capturing Kings Run in a subsurface pipe.
installing the cap materials, and placing a surface drainage system (¢ divert surface water
runoft around the cap. A French drain and surficial leachate collection system to protect
the Kings Run watershed would also be required to compliment the cap (Figure 6-1).

Cap Design

A muiti-layered RCRA cap consists of a vegetated top cover. a middie drainage layer.
and a low permeability layer. This design for a RCRA cap is recommended by the EPA.
The cap tunctions by diverting infiltrating liquids from the vegetated layer through the
drainage layer away from the capped material and by promoting surface water runoff. The
cap wilt extend to the unaffected slopes at a 5% gradient to the east, thus covering Kings
Run, and extend fo the unafftected siopes to the west and north.

The U.S. EPA recommends that the vegetated top layer of the muiti-layer cap have a
minimum thickness of 2 feet and consist of topsoii that can support vegetation. Freezing
and thawing cycles can greatly increase the permeability of a soil, thereby, reducing the
effectiveness of the cap. Whereas the frost line in southeastern Ohio is at a depth of
approximately 18 inches. a thickness of 2 feet will prevent frost from penetrating the low
permeability layer of the cap. A well-mixed cover of grasses and lequmes such as
Kentucky bluegrass, ciover, and red top and fescue wili provide a dense root system to
anchor the soil and minimize wind and water erosion. Vegetation will be established by
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hyagromuiching the surface of the cap. The final top slope. after allowances for settirg and
subsigence. will be between three and 5 percent.

The drainage layer is located directly below the vegetated top layer and has a
minimum thickness of 1 foot. The saturated hydraulic conductivity of this layer should not
be less than 1 x 107 ¢m/sec. A clean sand would be a suitable material for this layer.
infiltration is intercepted and channeled to the surtace water drainage system by this layer.

A geomembrane would to be pla-2d beneath the 1-foot layer of sand. The
geomembprane 1 essenthally impermeac - and should afiow virtually no infiltration to the
materials below it. The geomembrane should have a minimum thickness of 20 mils and be
made of high density polyethylene (HDPE). Six-inch layers of bedding material no coarser
than Unified Soil Classitication System (USCS) sand (SP). which is free of rock. tractured
stone. debns. cobbles. rubbish, and roots, located above and below the geomembrane. are
intended to protect the geomembrane from tears and punctures. -

A low permeable soil layer with a minimum thickness of 2 feet as recommended by
the EPA would then be piaced below the geomembrane sand unit. The low permeabihty
soil layer 1s designed to provide assurance of continued protection should the
geomembrane fail. The permeability of the recompacted clay or other natural materiais
used in the low permeabiiity soil layer must have a maximum value of 1 x 107 cm.sec as
required by 40 CFR 264, Subpart N. |f suitable material for this layer is not availabie on
site. clay or other material may need to be imported from the local area to attain the
required permeability. The 2-foot thick. low permeability soil layer will be compacted in
six-inch lifts to maximize the effectiveness of compaction. The moisture content, placement
and spreading ot the low permeability soil layer material would be monitored to insure
optimum compaction of the cap material. Quality Assurance/Quality Control (QA/QC)
testing consists of maisture-density testing of the individual lits as they are placed. and
laboratory testing of the low permeability soit layer material permeabilities from Shelby
tubes taken in the field. QA/QC testing would aiso be performed on borrow pit maternals
used in the construction of the low permeability soil layer.

The underlying base for the RCRA cap would consist of fill composed of excavated
mine spoil and garbage from on site and borrow material from the local area. This base
will be capable of supporting the weight of the cap without damaging the geomembrane.
The upper 1-foot of the base would be compacted in two 8-inch lilts during placement.

Design Criteria for Containing Kings Run
For the RCRA cap option, Kings Run would have to be contained in two 36-inch

diameter HDPE pipes located in the existing creek channel. These pipes would be
required t0 accommodate the 100-year, 24-hour storm event, A precast concrete inlet
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would reguiate flow from the Northern Impoundment to the pipes. Kings Run would
drscharge through a precast concrete outlet at the southern toe of the cap. A riprap apron
with 2 median stone size of 12 inches should protect the outlet from erosion ang ac! as an
energy dissipator by reducing the flow velocity to the existing channe!. Bedding preparation
and grading has to be done before installation of the pipes in the existing Kings Run
channel. Preparation is necessary to remove rocks, stones, debris, rubbish, and minimize
any sudden siope changes.

Berms

North-south oriented berms would be constructed on the surface of the cap. The
berms are designed to control the surface water runoff on the cap. therefore minimizing
erosion.

The trapezoidal berms would be 1.5 feet high, 2 feet across the top. with 2:1 side
siopes. The berms typically consist of compacted topsoll material and are grass-covered.
The berms are designed to handle surtace water runoft for a 100-year, 24-hour storm
evem.

Fourteen grass-lined open channels oriented east-west would transport water diverted
by the berms down the cap siope to the drainage channels discussed in the following
paragraph. The open channeis would be located approximatety every 300 feet along the
cap. Channels shouid be trapezoidal with 2.5:1 side slopes, a base width and depth of 1
foot. and be lined with an erosion mat to minimize deterioration of the channel and to help
maintain vegetation.

Drain hannel

Drainage channels would be installeg to the north. east, and west of the cap to
collect surface water runoft from the cap and to divert the surface water runoff from the
surrounding areas away from the cap and to protect it from erosion. The drainage
channels would be designed handle only storm runoff and are designed for a 100-year,
24-hour storm event. Since the drainage channels are designed for no base fiow,
hydromuiching would be used to establish vegetation in the drainage channels.

The northemn drainage channal should be trapezoidal with 2.1 side slopes, a 1-foot
wide base, and a depth of 1.25 feet. This northern channel would be fully lined with a
grass such as Kertucky fescue or bluegrass having a retardance factor of B, as defined by
the U.S.D.A. Soil Conservation Service. This channel should be designed to handie a
peak flow of 11 cfs and discharge nto the Northern impoundment.
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The western drainage channel would also be fully lined with grass having a
retardance factor of B. however, it discharges into Kings Run at #ts east end. The channe!
should be trapezoidal with 2.5t side slopes, a 4-foot base, and a depth of 3 feet. This
channe! s designed to convey a peak flow of 85 cfs.

The eastern drainage cha~nel should aiso trapezoidal. but lined with geotextile filter
tabric and a 2-foot thick layer  =-aded (d,, = 10 inches) nprap. The channel has 2.5:1
side slopes. a base width of 3 teet, and a depth of 2 feet. This channel is designed to
handle peak fiow of 160 cfs angd discharge into Kings Run.

Grass-lined waterways would be used due !0 their simple design, easy nstallation,
and low cost. The lower design flows of the northern and western drainage channeis
justfy the use of grass-lined channels over riprap for these reasons. The grass-lined
waterways will provide sufficrent erosion protection without exceeding the maximum
permissible velocity of 4 to 5 fps ‘or the grasses while conveying the storm flow. The -
eastern channel would be riprapped to protect the channel from erosion during the gesign -
storm flow.

The installation of a grass-lined waterway in this instance would be impractical due to
the width needed to reduce the storm flow (5 the maximum permissible velocity.

Quality Assurance Quality Co-:-ol (QA QC)

A test cap. 50 feet by 100 feet, should be constructed {0 aid in the final cap design
and to identty any material and construction problems prior to final cap construction.
Moisture content. placement. and spreading of the low permeability soil tayer material
should be QA'QC monitored by the contractor to insure compaction requirements are met.
QA/QC testing would consist of fill and borrow material classification, moisture-density
testing durning the placement of the 6-inch lifts, field permeability testing with an
infiltrometer. and laboratory testing of permeability from Shelby tubes taken dunng the test
cap constrLzuon. QA'QC testing v.ou'd aiso be performed on borrow pit materials and the
geomembrar 2 used in the ¢ap construction.

Post Closure Performan

Post closure care should continue for a period of 30 years after the closure date as
required by 40 CFR 264, Subpart G. This period may be shortened or extended
depending on the period required for sufficient protection of human health and the
environment. Post closure care involves monitoring, regular inspections of the cap for
erosion, subsidence, and/or seftlement. and periodic maintenance such as repair ot any
erosion damage to the cap or any of the drainage channels from surface-water runoft.
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Capping 1§ a rehaple technology for seaing off cortamination from tne surtace
environment and minimizing titraton of precipdation.  With infiltration minimized. leactae
generation would be reduced. The performance of a multi-layered cap would generally be
expected to be excelient for the first 20 years of operation; after this time period the cap
should be inspected regularly. inspections should be done at 5-year intervals. The cap is
expected 10 have a life of between 50 and 100 years according 10 the manutacturer s
specifications. The HDPE pipe that would be instalied under the RCRA cap has a
projected life of 30 years, according to the manufacturer's specifications.

6.1.2.2 Standard Landfill Cap

This option is similar to the RCRA cap design except the final cap slopes range from
5 to 25 percent, and the cap design would not incorporate an impermeabie HDPE
geomembrane. The solid waste landfilled area, the Waste Pit, and suspected sources of
recharge for the Waste Pit and water-bearing zones potentially in contact with it will be
covered with a solid waste landtill cap (Figure 6-2). The purpose of the cap would be 10

minimize infiltration of precipitation through the landfilled material. control surface Hushing of |
R

acig-producing material to surtace waters. and reduce the spread of acid-producing materia
by air and water erosion. The cap wouid aiso minimize contamination of surface water
runoff and the dispersion of hazardous wastes and contaminated surtace soil by wing.

This alternative requires minimal cut and fill volumes and fewer cap materials.

The instaliation of a solid waste fandfill cap would involve grading and excavation of
the penmeter embankments consisting of s$oil and rippable rock. adding borrow material to
excavated materials from other areas of the site to prepare the surface bed for cap
instaltation, establishing erosion control measures, installing the cap materials, and placing
a surface drainage system to divert surface water runoff around the north, west. and south
sides of the cap. A french drain and surficial leachate collection system are also required el
to compliment the cap (Figure 8-2).

Landfill iQn

A solid waste landfill cap consists of a vegetated top cover, a middle drainage layer.
and a low permeability layer. This design for a solid waste tandtil cap is regulated by the
Ohio Administrative Code (QAC) 3745-27-11. This cap differs from a RCRA cap in that no
geomembrane or accompanying upper and iower cushions are present. The cap tunctions
by diverting infiltrating liquids from the vegetated layer through the drainage layer away
from the capped material and by promoting surface-water runoff.

The vegetated top iayer of the multi-layer cap shouid have a minimum thickness ot

two feet and consist of topsoil that can support vegetation. Freezing and thawing cycles
can greatly increase the permeability of 3 soil. thereby, reducing the ettectiveness of the
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cap. Whereas the frost ine in southeastern Ohio is at a depth of approximately 18 :nches.
a topson thickness of 2 feet wouid prevent frost from penetrating the iow permeabiity layer
of the cap. A well-mixed cover of grasses and legumes such as Kentucky bluegrass.
clover, and red top and fescue will provide a dense root system to anchor the sail and
minimize wind and water erosion. Vegetation wouid be established by hydromuiching the
surface of the cap. The final top slope, after allowances for settling and subsidence,
shouid not exceed 25 percent as regulated by OAC 3745.27-11. The slopes should have
a final grade of between 5 percent and 25 percent.

The drainage layer is located directly below the vegetated top layer and has a
~ mimum thickness of 1 foot. as regulated by the OAC 3745-27-11. The saturated
hydraulic conductivity of this layer should not be less 1nan 1 by 10° cm/sec. A clean sand
would be a suitable matenal for this layer. Infiltration would be intercepted and channeled
to the surface water drainage system by this layer.

The low permeability layer shouid consist of a low permeability soil with a minimum
thickness of two feet as regulated by OAC 3745-27-11. The low permeability soil layer
minimizes the amount of intitration to the capped material. The permeability of the
reccmpacted clay or other naturai materials used in the low permeability soil layer should
have a maxmum value of 1 by 12 cm'sec. M suitable material for this layer is not
available on site, clay or other material wouic need to be imported from the local area to
afta n the required permeability.

The 2-foot thick, low permeability soil layer should be compacied in six-inch lifts to
maximize the effectiveness of compaction. The moisture content, placement and spreading
of the iow permeabiiity soil layer material would be QA'QC monitored to insure optimum
compaction of the cap material. Quality Assurance/Quality Control (QA/QC) testing woulid
consist of moisture-density testing of the individual lifts as they are placed, and laboratory
testing of the low permeability soil layer materiai permeabilities from Shelby tubes taken in
the field. QA/QC testing will also be performed on borrow pit materials used in the
construction of the low permeakt.ity soil layer.

The underlying base for the cap should consist of fill composed of excavated mine
spoil and garbage from on site and borrow material from the local area. This base shouid
be capabie of supporting the weight of the cap. The upper 1-loot of the base would be
compacted in two 6-inch litts during placement. '

Qesign Criterig for Minimizin rogion of Kin

For the standard landfill cap option, erosion control measures would aiso need to be
taken. Erosion of the west £~ "k of Kings Run has been observed. To protect this bank
trom further damage and to preserve the integrity of the cap. the west bank would be lined
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with riprap. Kinds Run would be riprapped from the Nonherr Impourdment ard extend
beyond the southern toe ot the cap. Kings Run would then act as the eastern drainage
channel for surtace water runoft from the cap for this alternative.

The flow of Kings Run would be maintained in s current channel, however. minor
bed shaping may be necessary. The channel would be lined with an 18-inch bianket ot
graded riprap (d,. = 20 inches) that extends approximately 7 feet up the west bank of
Kings Run, 2.5 feet along the stream bottom, and has a 2.5-foot toe-in. A non-woven
geotextile would be installed between the soil and the riprap to minimize soil movement
into or through the riprap. The riprap along the channel bottom and in the toe-in should
minimize undercutting of the riprap lining.

ggrms

North-south oriented berms would be constructed on the cap. The berms would be
designed to contral the surlace water runoft on the cap. therefore minimizing erosion.

The trapezoidal berms would be 1.5 feet high, 2 feet across the top. with 2.1 side
slopes. The berms consist ot topsoit material and are grass-covered. The berms have
been designed to handle surface-water runoff for a 100-year. 24-hour storm event.

Grass-lined open channels oriented east-west would transport water diverted by the
berms down the cap slope to Kings Run on the east, and the drainage channels discussed
n the following paragraph on the north and south. Fourteen channels would be located
approximately every 300 feet along the cap. Channels wilt be trapezoidal with 2.5:1 side
slopes. a base width and depth of 1 toot, and should be lined with an erosion mat to
minimize deterioration of the channel and to help maintain vegetation.

Drain hannel

Orainage channels would be installed to the north and west of the cap to collect
surtace-water runoff from the cap and to divert the surface-water runoff from the
surrounding areas away from the cap and to protect it from erosion. The drainage
channels would handle storm runoft and are designed for a 100-year, 24-hour storm event.
Since the drainage charinels are designed for no base tiow, hydromuiching should be used
to establish vegetation in the drainage channels.

The northern drainage channeal should be trapezoidal with 2:1 side siopes, a 1-foot
wide base. and a depth of 1.25 teet. This northern channel would be fully lined with a
grass such as Kentucky fescue or bluegrass having a retardance factor of B, as defined by
the U.S.D.A. Soil Conservation Service. This channel has been designed to handle a peak
tiow of 11 c¢ts discharge into the Northern Impoundment.
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The western drainage channel would also be fully ined with grass having a
retardance facter of 8. hewever. it would discharge into Kings Run at its east end. The
channel should be trapezodal with 2.5:1 side siopes. a2 4-foot base, and a depth ot 3 teet.
This channel has been designed to convey a peak flow of 85 cfs.

Grass-lined waterways would be used due to their simple design, easy installation,
and low cost. The iower design flows of the northern and western drainage cnanne s
justity the use of grass-lined channets over riprap for these reasons. The gra:s-lined
waterways would provide sutficient erosion protection without exceeding the maximum
permissible velocity of 4 to 5 fps for the grasses while conveying the storm flow.

Quality Assurance ‘Quality Control (QA'

A test cap. 50 feet by 100 feet, should be constructed to aid in the tinal cap design -
and to identify any materia!l and construction problems pnor to final cap construction.
Moisture content, placement. and spreading of the low permeability soil tayer material
should be QA’/QC monitored to insure compaction requirements are met. QA QC testing
would consist of il and borrow material classification, moisture-density testing during the
placement of the 6-in¢h lits. field permeability testing with an infitrometer, and laboratory
testing of permeability from Shelby tubes taken during the test cap construction. QA QC
testing should also be performed ¢ borrow pit materiais and the geomembrane ysed in
the ¢ap construction.

Post Closure Performan

Post closure care would continue for a period of 30 years after the closure date as
required by OAC 3745-27-11. This period may be shortened or extended depending on
the period required for sufficien* =-otection of human health and the environment. Post
closure care involves monit: :gulac - spections o' the cap for erosion. subsidence
and/or settlement, and per . ~tenz -e such as r2pair of any erosion damage to "¢
cap or any of the drainage cria. ..$ from surtace water runoff.

Capping is a reliable technology for sealing off contamination from the surface
environment and minimizing infiltration of precipitation. With infiltration minimized, leachate.
generation would be reduced. The performance of a solid waste landfill cap would
generally expected to be excellent for the first 20 years of operation; after this hme period
the cap should be inspected regularty for integrity. The inspections would be done at
S5-year intervals, The cap is expected to have a life of between 50 and 100 years.
according to manufacturer's specifications.
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6.1.3 Descriptions of Options for Ground Water
6.1.3.1 Ground-Water Collection

An undergrain collection system would be instalied to intercept the ground water
flowing from the landtfill to Kings Run and the Northern Impoundment (which feeds into
Kings Run). This system will be installed along the northeastern and eastern boundaries of
the landfill, and connected to the underdrain collection system (near monitoring wells
MW-8A, MW-9A, and MW-11A). This system wouid be installed below the existing grade
and discharged to a treatment system located south of the site. The specifics of the
system requirement will be determined during the remedial design phase.

For the purpose of deveioping remedial cost estimates. the underdrain will be
considered a 3-foot wide by 5-foot deep rectangular channel with slopes between 4 10 9
percent. A 10-inch HDPE with perforation along the top half of the pipe wouid be placed
inside this channel. This pipe would be placed on a 6-inch bedding ot sand. covered with
1 foot ot 3.8-inch (ODOT No. 8) coarse aggregate, and backfilled with topsoil. The pipe
island. and aggregate would be enveloped with a geotextile filter fabric to minimize silting i
the pipes.

For the three zones of Kings Run where a gaining stream is occurring, a French
drain system would be installed. This system would work in conjunction with the surticial
leachate collection system {see Section 6.1.4.1). The French drain wouid omit the topseil
backfill: instead. the channe! would be completely backfilled with the 3/8-inch coarse
aggregate and covered with the geotextile filter fabric. The length of the French drain
would match the iength of the ganing stream: approximately 595 feet near MW-BA,
525 feet near MW-SA, and 825 feet near MW-11A. The design of the French dran and -
underdrain collection system (i.e.. depth, width, length, ang location) will depend on specific
nformation on ground-water flow conditions gathered during RO activities.

The perforated pipe in this coliection system accommodates a flow ot 495 gallons per
minute {gpm)(or 1.10 cubic feet per second). This flow is the sum of the recharge to
Kings Run from the ground water in the three areas where the French drain would be
installed and leachate flows from L-1, L-2, L4, and LS.

6.1.3.2 Ground-Water Treatment

Two options are considered for the treatment of ground water collected using the
system described above. The treatment involves a physical/.chemical approach
{neutralization/precipitation) or a biological method {wetlands) to remove metals (e.g.. iron.
aluminum, manganese, 2inc. antimony, arsenic, and beryllium} from the ground water.
These options will be affixed to certain remedial alternatives, essentially creating
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subailernatives. These treatment sphons are the same as those for the leachates to be
discussed in detail in Section £.1.4 2 The treated waler would be discharged to Littie
McMahon Creek.

6.1.3.3 Ground-Water Monitoring

In addition to ground-water monitoring at selected wells (see Section 6.1.1). ground
water and surface leachate seeps coliec‘ed by the underdrain system would be sampied
three times per year, twice under dry c: ditions. and orze under wet conditions. For
costing purposes, samples are assumed to be collected at the discharge and treatment and
analyzed for volatile and semivolatile organic compounc and heavy metals. Specitic
sampling frequencies will be determined during RD'RA ::tivities. Sampling frequencies
cited in this FS Report are for cost estimating purposes only. The effiuent from treatment
would be sampled three times per year and analyzed for the same parameters as the
untreated ground-water stream. Analytical parameters for ground-water monitoring will be -
determined dunng RD activihes and specified in the NPDES permit. ~

6.1.4 Descriptions of the Options for Surface Leachate Seeps
6.1.4.1 Collection of Surface Leachate Seeps

A French drain system would also be instalied to collect the surface leachate seeps
(L-1. L-2. L-4, and L-5). This system will be connected to the underdrain coilection system
(see Section 6.1.3.1). The leachate will be combined with the collected ground water and
discharged to a treatment system located south ot the site. The leachate seeps at L-2 and
L-4 wouid be collected locally with a French drain ang piped to the underdrain piping. the
seeps at L-1 and L-5 would be collected locally with a French drain directly above the
underdrain piping and shouid not require any additional piping.

The French drain design wouid be similar in design to those used for the collection of
ground water at tne three locatons of Qaining stream, only their size would be hmited to be
3 leet square by 5 feet deep. The p --= to be used 10 transport the leachates L-2 and L-4
to the underlain system are HDPE ¢ .. : installed on a 6-inch bed of sand ang backlilled
with borrow material. The pipes should be placed on siopes of 4 to 9 percent with the
exception of the pipe for L-2 where a siope near 29 percent will be required on the eastern
side of the landfill. Expected flow rates tor various surface leachate seeps are as follows:
L-1: 1.5 gpm, L-2: 1.5 gpm, L-4: 100 gpm, L-5: 20 gpm. Description of the undergrain
collection system is provided in Section 6.1.3.1.
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6.1.4.2 Treatment of Surface Leachate Seeps

Two options are considered for the treatment of surtace leachate seeps collected. the
system described above and in Section 6.1.4.1. The treatment involves a physical chemical
approach (neutrahzation/precipitation) or a biclogical method (wetiands) to remove metals
{e.g.. iron, aluminum, manganese, 2in¢. and antimony) and contaminants of concern from
the surface leachate seeps. These alternatives will be affixed to certain remedial
alternatives, essentiaily creating subalternatives. Descriptions of these two. treatment
options follow.

6.1.4.2.1 Neutralization/Precipitation (Option A)

The underdrain collection system would discharge directly into an aeration pond
where the carbonates and bicarbonates in the leachates (and ground water) are aerated.
Aeration of carbonates and bicarbonates should reduce the lime requirement for -
precipitation ang aiso reduce the amount of siudge generated trom precipitation. In
addition, aeration would remove any volatile orgamc compounds present in the surface
leachate seeps (and ground water).

The aeration pond has been designed.-to have a 30-minute residence time for an
influent stream of 435 gpm. The basin would have a depth of 5 feet and cover an area of
400 square feet.

Construction of the aeration pond should allow a freeboard of 1 foot. A i-foot clay
hner of compacted clay overlain by a geomembrane liner would make up the bottomn ot the
pond. The geomembrane should minimize the collected water from leaching from the
pond. The clay liner provides an assurance of continued protection should the
geomembrane fail. An underdrain system would be constructed under the clay liner of the
pond for the purpose of collecting any ieachate from the pond.

The water from the aeration basin would then be transferred to a settling basin
through a channet, where a lime siurry would be added. The hydrated lime system would
receive, store, and feed the hydrated lime to the channel. The system consists of a
storage silo to store the powdered hydrated lime, a variable screw feeder to introduce
powdered hydrated lime into the staker at the desired rate, a lime slaker where the lime
slurry would be prepared by mixing the hydrated lime with water, and a lime siurry storage
tank, pumps, and control system. The system shouid be able to handle an average of 2.1
tons per day of hydrated lime (on a dry basis).

The settling pond should have a 2-day residence time to aliow settling of the metal
hydroxides. calcium sulfate formed from reaction between the iime feed and suifates in the
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water, and suspended total solids. The settling pond v ..'d have a depth of 10 feet and a
fregpoarg of 5 teet. The settting pond would cover an area of 0.44 acre.

A 1-foot clay hiner of compacted clay overlain by a8 geomembrane liner will make up
the bottom of the settling pond. The geomembrane will minimize the collected water from
leaching from the pond. The clay liner provides an assurance of continued protection
should the geomembrane fail. An underdrain system will be constructed under the clay
liner of the pond tor the purpose of coliecting any leachate from the pond.

The treated water from the settling pond would discharge into Little McMahon Creek
through a riprap-lined channel. The riprap-lined channe! would be trapezoidal with side
slopes of 2.5.1, a base width of 1-foot, and a depth of § feet.

Moisture control placement. and spreading of the aeration and settling pond materials
should be QA'/QC monitored to ersure compaction requirements of the pond materials are _
met. QA'QC testing should cons:s: of fill and borrow material classification,
moisture-density testing during the placement of the &-inch lifts. fieid permeability testing
with an mnfiltrometer. and laboratory testing of permeability from Shelby tubes taken of
materials used in the pond construction and the geomembrane placed over the clay layer.
The geomembrane should be checked for rips. punctures, and a proper seal of seams
during placement.

To aliow removat of the settled siudge, a second settling pond having the same
design features as the one described above would be constructed. This pond may also be
used in paralle! with the first one during high flow seasons. Removal of the siudge would
proceed as follows: while the sludge from the second pond is removed, the first pond
would receive the surface leachate seeps (and also ground water) for treatment. Contents
of the second pond would be pumped periodically (e.g.. once a year) to a dewatering
device (e.g.. filter press) and the concentrated sludge from the dewatering device would be
transported to a hazardous waste landfili for disposal and the clear liquid wouid be pumped
to the first pond.

6.1.4.2.2 Constructed Wetlands (Option B)

The underdrain collection system will discharge into a limestone channel at the
s-Jthern end of the landtill cap for the purpose of increasing the pH of the leachate (and
a'so ground water) to approximately 6.5 and treating elevated levels of volatile organic
cnemicals. The riprap-lined channel should have a base width of 1 foot, a depth of 12
foot, and side slope of 2.5'1. The channel would be lined with a 24-inch thick blanket of
graded (d, = 12 inches) imestone rock. A cover on the limestone channel would be
necessary to avoid formation of ferric hydroxide, which would deactivate the limestone.
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Tne nprap-ined channet wouid aischarge 10 a cattail wetland. The most important
metal removing mechamsms in the wetland are the bacterially-catalyzed oxidation and
hydrolysis reactions that cause dissolved iron to precipitate.  Also. BOD ang COD are
remegiated in the wetland. Another potentially important mechanism is bacteral sulfate
reduction, which goes on in the anaerobic organic substrate. The sulfide ion reacts with
the organic mass. More important, this reaction consumes acidity and raises the pH of the
water. Potential removal of metals by the organic substrates in the wetland through
adsorption and chelation is limited.

The size of the wetland is expected to be approximately 9 acres. Because this is an
innovative technology, a 100 percent contingency has been added to account for
unexpected high loadings. Considering this contingency. the size would be 9-18 acres.
The actual sizing of the treatment system is subject to the results of remedial design and
treatability investigations. The maxmum size has been used in costing for comparison
purposes. only. The design would include construction of a maximum of six cells, each
3 acres in size.

-

The clean water from cattail treatment would be discharged to Little McMahon Creek.

It has been assumed that sludge wiil eventually build up in the wetland that would
require dredging of part of the wetland every 15 years. For costng purposes, it was
assumed that the siudge from 2 cells (6 acres) is dredged and hauled off site for disposal
as municipal waste each 15 years.

6.1.4.3 Monitoring of Surtface Leachate Seeps

In addition to monitering of surface leachate seeps (at L-1, L-2, L-4, L-5 and other
leachates which may be discovered during RD/RA activities) at their respective sources, the
combined surface leachate seeps collected by the underdrain system and ground water
would be sampled three times per year, twice under dry conditions and once under wet
conditions. Specific sampling frequencies will be determined during RD/RA activities.
Sampling frequencies cited in this FS Report are for cost estimating purposes only.
Samples woulkd be coilected at the discharge to treatment and shoulg be analyzed for
volatile and semivolatile organic compounds and heavy metals. In addition, the effluent
from treatment would be sampied three times per year and be analyzed for the same
parameters as the untreated surface leachate seeps.

6.2 Evaluation of Remedial Alternatives

Remedial alternatives are evaluated with respect to (1) effectiveness, (2)
implemeantability, and {3) cost. This evaluation was conducted to screen the aiternatives
prior t0 a detailed analysis.
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Effectiveness Evaluation This evaiuation focuses on (1) the potental elfectiveness
of process options in handling the estimated areas or volumes of media and meeting tre
remediation gcais identtied 1n the remedial action objectives, (2) the potential impacts 10
human health and the environment during the construction and :mplementation phase. and
{3) how proven and reliable the process 15 with respect to the contaminants and concitions
at the site.

The wetland shouid have a 1-foot base of compacted clay overiain by a
geomemprane to minimize the loss ¢* ‘eachate mnto the underlying soil. The geomembrane
ner would be overlain by 6 inches ¢ sand (SP or finer). then 1 foot of crushed limestone
aggregate. The limesione is then covered with 1 toot of spent mushroom compost.
Cattails would be planted in the substrate. Bottom slopes would vary from 1 to 3 percent.
Flow paths would be established using hay bales. The hay bales should maxmize the
effective retention time and avoid channehzation or short-circuiting of the cells until the
cattail population is well established. Required maintenance for the wetlard will be
determined during RD activites. Depth of water in the cells will vary between 6 an¢ 12
inches. With continuous fiow of ground water. problems due to freezing are not cons:cered
crtical to wetland performance (if properly sized). Dikes would be constructed with 18 to
30 inches of freeboard to ensure at least a 1-foot freeboard over the long term.

implementability Evaluation implementability encompasses both the technica! and
agministrative feasibility of implementing a technology process. This evaluation is used as
an imtial screen of technology types and process options to eliminate those that are clearly
ineffective or unworkable at a site. Therefore, this subsequent, more detailed evailuation of
process options places greater emphasis on the institutional aspects of implementability.
such as the ability to obtain necessary permits for off-site actions, the availability of
treatment. storage. and disposal services (including capacity), and the availability of
necessary equipment and skilled workers to impiement the technoliogy.

Cost Evaluation In this evaluation, the cost analysis is made on the basis of the
detailed cost estimates provided in Appendix B.

The evaluations of each alternative 1 through 4 are discussed in Sections 6.2.1
through 6.2.4 and summarized in Section 6.3.

6.2.1 Alternative 1: No Action
Alternative 1 considers that no remedial actions will be impiemented at the BRL site
beyond placement of final cover over the Waste Pit and the langfill as part of the landfil

ciosure (which 1s beyond the scope of this work). Evaluation of Alternative 1 using the
three criteria is presented below:
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§.2.1.1 EHectlveness

Alternative 1.5 not etfective as it fails to meet any of the remedial objectives of the
BRL site.

6.2.1.2 Implementation

No implementation is involved as no remedial actions are taken.

6.2.1.3 Costs

Alternative 1 has no associated costs as it does not involve any remedial actions.
6.2.2 Alternative 2: (nstitutional Actions

Allernative 2 involves the following major components:

. Oeed restrictions

. Fencing

. Groung-water monitoring

. Surface leachate seep monitoring
. Monitoring of Kings Run

Evaluation of Alternative 2 using the three criteria is presented below.
6.2.2.1 Effectiveness

The results of the Endangerment Assessment showed that in its present condition the
site poses risks 10 human health and the environment from current @xposure scenanos (for
dirt bikers or traspassers at the site). Risks from future worst-case exposuré scenarios
would be significant due only to water quality conditions caused by leaching from the site.

Dirt bikers and trespassers, by definition, are already in violation of local ordinance
and would likely not be deterred from entering the site. even if fencad. Aiso, the
alternative is ineffective because it does not address ground-water’'surface water pathways.

6.2.2.2 Implementability

Institutional Actions are readily implementable. The requiremants and procedures for

monitorng are well established. routine practices for environmental consuiting firms and
laboratories.
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6.2.2.3 Cost

The total project cost for Alternative 2, Institutional Action, is estimated to be
approximately 1.786.000. As is zoparen: *om the cost breakdown summary for
Alternative 2 presented below, tre only ccst associated with this alternative 1s that for
tencing and ongoing monitoring of site surface water, ground water, and leachate seeps.

Alternative 2A
Annual Total Present
Capital Cost Q&M Cost Duration Net Worth
$226,000 $106.200 30 Years $1.786.000

6.2.3 Alternative 3: RCRA Cap

Alternative 3 involves the following major components:

. Full RCRA cap

. Deed restrictions

. Fencing

. Ground-water colez:on

. Surface leachate seep collection

. Ground-water monitoring

. Surface leachate seep monitoring

. Monitoring of Kings Run

. Water treatment by neutralization/precipitation (Option A only)
. Water treatment by constructed wettands (Option B only)

The evaluation of Alternative 3 using the three criteria is presented below,
6.2.3.1 Effectiveness

This alternative is effective in controlling access to the site through fencing. potentially
reducing exposure 1o unauthonzed people.

During site remediation, this aiternative involves excavation and grading of
approximately 11 million cubic yards of material and could increase exposure of the on-site
workers to hazardous materials through dust inhalation. However, this exposure could be
minimized through dust control measures. Transport of approximately 393,700 cubic yards
of ¢clay borrow material for the cap construction may cause fugitive dust emissions but can
be controlled through dust suppressants.
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The effectiveness of the RCRA cap has been well documented on hazardous was'e
sites. This alternative would cut off the source of recharge to the Waste Pt and the
water-bearing zones potentialty in contact with #. thus preventing any future mobilization of
the Waste Pit contaminants into ground water or surtace leachate seeps.

Ground water and surface leachate seep collection methods selected for Alternative 3
{French drains and underdrains) involve well established technologies. Treatment of these
waters by either neutralization:precipitation or wetlands will produce an immediate benefit by
significantly reducing the quantity and concentration of the contaminants of concern that
migrate off site. The neutralization/precipitation option can be tailored to improve effluent
guality, whereas, fine control over effluent quality may not be as effective for the wetlands.
The sludge generated from neutralization precipitation wouid be disposed of at a hazardous
waste landfill. Sludges from wetlands treatment will be tested to determine if they are o
hazardous on nonhazardous. and disposed of appropriately. For costing purposes. the -
sludges are assumed to be nonhazardous waste that is transported to an off-site langtill.

6.2.3.2 Implementability

installation of a RCRA cap requires extensive amount of preparatory cut and fill of
on-site material (approximately 11 million cubic yards) to meet the stringent siope
requirements of the cap. However, the RCRA design has been a well proven technology.
Furthermore, implementation of a RCRA cap is expected to take a minimum of 30 montns.
This schedule may be delayed based on weather conditions as well as construction-related
factors. in addition. Alternative 3 would require installation of double pipes to contain Kings

“Run. making implermentation of this aiternative more difficult than some of the others.

The proposed ground water and surface leachate seep coliection technologies would
be readily implementable at the BRL site. Implementation of the ground water and surface
leachate seep treatment by precipitation/neutralization would also be readily implementabie.
Sufficient area is available for the construction of this option. As wetlands treatment
requires more Space (approximately 9-18 acres), site topography needs o be carefully
evaluated during the remedial design phase. If Alternative 3 is selected, the maximum size
of the wetlands would be 9 acres due to the grading requirements for the RCRA cap.

6.2.3.3 Cost

Costs associated with Alternative 3 (in dollars) for water treatment options A and B
are shown below. The capital cost includes direct capital for the equipment, labor, and
materials necessary for the installation of the RCRA cap. leachate coliection system, fence,
and water treatment system. Indirect capitai costs for engineering and other contingencies
are also included in this figure.
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Anrual costs for this alternative includes operation. mainterance. ~d samplng  Tosa!
present net worth vaiues of all costs nclude a 20 percent preliminary estimate contingency.
ang future costs are based on a 5 percent discount rate. All costs presented below are
rounded to the nearest $1.000. The total net present value for Alternative 38 includes
wetlands dredging and revegetaton in years 15 and 30. Cost estimate details are
presented in Appendix B.

Alternative 3A

Annual Tota! Present
Capital Cost Q&M Cost Duration Net Worth
$184.745.000 $834.000 30 Years $£196.913.000

Alternative 3B

Annual Total Present
Capital Cos! oM t Duratign Net Worth
$191.227.000 $153.000 30 Years $193.084.000

6.2.4 Alternative 4: Standard Landflli Cap

The major components of Alternative 4 are:

. Standarg landtill cap

. Deed restrictions

. Fencing

. Ground-water collection

. Surface leachate seep collection

y Ground-water monitoring

. Surface leachate seep monitaring

. Monitoring of Kings Run ,

. Water treatment by neutralization/precipitation (Option A only)
E Water treatment by constructed wetlands {Option B only)

Evaluation of the three criteria for Alternative 4 is presented befow.
6.2.4.1 Efectiveness.

This alternative i1s eftective in controlling access to the site through fencing.
potentially reducing exposure 10 unauthorized people during on-site activities.
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Cunng site remediation. this alternative 1nvolves excavation grading of approximateiy
1.3 milhon cubic yards of matenal, which could cause potential exposure of the on-site
workers 10 hazardous matenals through dust inhalation. Potential exposure of the on-site
workers wouid be approximately one-eignt of that for Alternative 3. Potential exposure
could be minimized through dust control measures and respiratory protection.

Transport of approximately 280.720 cubic yards of clay borrow material for the cap
construction may cause fugitive dust emissions. but could be controlled through dust
suppressants. The guantity of material transported is approximately 29 percent less than
that required under Alternative 3.

The standard landfill cap is as effective as the RCRA cap as it would cut off the
source of recharge to the Waste Pit and the water-bearing zones potentially in contact with
it. thus preventing any future mobilization of the Waste Pit contaminants into ground water
or surface leachate seeps. The effectiveness of the standard landfill cap has been well
documented on nonhazardous landfill sites.

Ground water and surface leachate seep collection methods selected for Alternative 4
(French drains and underdrains) involve well estaplished technologies. Treatment of these
waters by either neutralization precipitation or wetlands will produce an immediate benefit by
significantly reducing the quantity and concentration of the contaminants of concern that
migrate off site. The neutralization.precipitation option can be tailored to improve effluent
quality, whereas. tine control over effluent quality may not be as effective by the wetlands.
Furthermore. the sludge generated from neutratization/precipitation is disposed of at a
hazardous waste landfill. Precipitates from wetiands treatment will be tested to determine it
they are hazardous or nonhazardous. and disposed of appropriately. For costing purposes.
the sludges are assumed 0 be nonhazardous waste that is transported to an oft-site
tandfill.

6.2.4.2 Implementability

Installatiom of a standard landfill cap at the site is more readily implementabie than
the RCRA cap because of lower requirements for preparatory cut and fill of on-site material
(this results from lower slope requirements). '

The quantity of fill material is estimated o be appro'ximately one-gight of that needed
under Alternative 4. Furthermore, implementation ot Aiternative 4 takes much less time
than Alternative 3 (18 months versus 30 months depending on weather conditions as well
as construction-reiated factors).
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The proposed groung water and surface leachate seep coliection techrologes are
readily /mpiementable at the BRL ste. Implementation of the groung water ang surtace
leachate seep treatment by precipitatron/neutralization- can also be readity implementabie.
Sutficient area 18 available for tne construction of this option. As wetlands treatment
requires more space (approximately 9-18 acres), site topography needs to be carefully
evaluated duning the remedial design phase.

6.2.4.3 Cost

Costs associated with Alternative 4 (in dollars) for water treatment options A and B
are shown below. The capita cost includes direct capital for the equipment, labor, and
materiais necessary for the ir ation of the standard landfill cap. monitaring both the
leachate and ground water, le..- ate collection system. ground water collection system,
fence. and water treatment system. indirect capital costs for engineering and other
contingencies are also ncluged in this figure.

The annual cost for this a'ternative includes operation. maintenance. and samplng
costs. Total present net worth values of all costs include a 20-percent preliminary estimate
contingency. anc future costs are based on a 5-percent discount rate. All costs presented
below are rounded to the nearest $1,000. The total net present value tor alternative 48
includes wetlands dredging and revegetation in years 15 and 30. Cost estimate details are
presented in Appendix B.

Allernative 4A
Ann.al Total Present
Capital Cost O&M Cost ration Net Worth
$40.447 000 $780.000 30 years $52.492.000
Alternative 48
Annual _ Total Present
Capital Cost Q&M Cost Duration Net Worth

$46,923.000 $99.000 30 years $48.663.000

6.3 Alternatives Screenin

The purpose of the alternative screening process is to narrow the list of the potental
remedial actions to be carned forward for detailed analysis, if necessary (NCP, Section
300.68(g)). The NCP further : -=s that the three broad critena to be used in the
screening of the aiternatives b. - tectiveness, implementability, and cost.
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Ameong the ftour alternatives considered for the BRL site, Alternative 2 was ehminateg
from turther consideration based on discussions presented in Section 6.2. Aiternatves 2 s
inetfective because it does not meet the remedial objectives for the BRL site. At a
minmum,  Alternative 2 does not immobilize contaminants in the future because the
recharge areas of the water-beanng zones are not covered by a cap.

Alternatives 3 and 4 pass all three critena of evaluation (i.e.. effectiveness.
implementability, and cost) and are retained for detailed analysis. Both alternatives are
responsive to the remedial objectives for the site, protective of human health and the
environment, and meet or exceed state and federal ARARs. These alternatives can also
both be implemented at the BRL site. [n addition, Alternative 1 (the No Action alternative)
is retained through the detailed analysis of alternatives, as required by NCP, to provige a
paselne of companson with the other alternatives.
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7.0 DETAILED ANALYSIS OF ALTERNATIVES
71 introduction

The detailed analysis of aiternatives consists of the evaluation and presentation of the
relevant information needed to aliow the Agencies to seiect @ site remedy. [n the detailed
analysis, each afternative is assessed against nine evaluation critena described beiow. The
results of this assessment are arrayed to compare the alternatives and identity the key
tradeoffs among them. This approach to analyzing alternatives provides the Agencigs with
sutficient information {0 adequately compare the alternatives. select an appropriate remedy
tor the site, and demonstrate satisfaction of the CERCLA remedy selection requirements in
the Record of Decision (ROD).

The nine critena for evaluatng remedial aiternatives are as follows:

. Overall protection of human health ang the environment
. ARARs comphance

. Short-term effectiven-:s

. Long-term 2ffectivens : and perT.anence

. Reduction of toxicity, mobility. or volume

. ‘mplementability

. Cost

. State acceptance

. Community acceptance

The tirst seven criteria are strictly technical issues. The iast two, state acceptance and
community acceptance, are reserved for EPA and OEPA (the Agencies). The nine
evaluation criteria that are defined and described in detail befow. A summary of the
comparnison of alternatives 1s presented later in this chapter.

7.1.1  Overall Protection of Human Health and The Environment

This provides a final check to assess whether each alternative adequately protects
human health ang the environment as well as a description of how risks are elimnated.
reduced. or controlied through treatment, engineering controls, or institutional controls.

7.1.2 Compliance with ARARs

This discusses whether alte-~atives will meet all federal and state applicable or

relevant and appropriate reguiatio. (ARARS) previously identified in the RI/FS process.
When an alternative meets ARARs. then this critera describes how it does. When an
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ARAR 15 not met, the basis for wstitying ane of the six wawers allowed under CERC LA 3
discussed. Three types of ARARs have beer identfied for the BRL site:

. Chemical-specitic ARARs
. Action-specific ARARS
. Location-specitic ARARs

7.1.3 Shon-term Effectiveness

This criterion addresses the effects of the alternatives during the construction and
implementation phase until remedial objectives are met. Alternatives are evaluated with
respect t0 their effects on human health and the environment. it applicable, during
implementation of the remedial action.

The following factors will be evaluated under shori-term effectiveness:

. Protection of the community during remedial actions

. Protection of the workers during remedial actions

. Environmental impacts of the remedial action

. Time tapse before achievement of response objectives

7.1.4 Long-term Effectiveness and Permanence

This addresses the resuits of a remedial action in terms of the risk remaining at the
site after remedial objectives are met. Any controls required to manage the risk posed by
treatment residuals or untreated wastes are described. The three components of this
criterron that will be addressed for each alternative are:

. Magnitude of remaining risk
. Adequacy of long-term controis
. Reliability of long-term controis

7.1.5 Reduction of Toxicity, Mobllity, or Volume

This criterion addresses the statutory preference for selecting remedial actions
employing treatment technologies that permanently and significantly reduce toxicity. mobility.
or volume ot the hazardous substances. This evaluation will focus on:

. The amount and types of hazardous materials that will be destroyed or
treated ‘
. The degree of expected reguction in toxicity mobility and volume
. The degree of irreversibility of the process
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. The type ara guantity of residuals remaining following treatment
7.1.6 Implementability

At this stage of the teasibility study process. the technologies comprising the
alternatives presented here have already undergone implementability analysis. In this final
analysis, implementability of the screened alternatives will be further defined, if possible,
considering a!l technologies which comprise each aiternative. This implementability
evaluation involves both technical ang administrative feasibility of the alternative and the
availability of various services and materials required during its impiementatior. Technical
teasibility acaresses construction and operational concerns and the reliability of
technologies used. Administratie teasibility addresses activities needed 10 coordinate with
Agencies (e.g.. obtaining oermits).

7.1.7 Cost "

The cost estimates presentec for the surviving alternatives are the same as
presented in Section 6.2 and have been reiterated here for the sake of continuity. The
cost analyses presented consist of detailed. doflar estimates of each alternative. These
costs are based upon the site-specitic data. and were determined by using standard
engineering cost estimation guides and vendor quotes. The dollar values of the
alternatives developed for this study are intended to be estimates with an accuracy of «50
to -30 percent. This criterion agdresses how total alternative costs. stated in present worth
dollars including capital and operation and maintenance (O&M) expenses, compare to one
another.

7.1.8 State Acceptance

This assessment evaluates the technical and administrative issues and concerns that
the State Agency may have regarding each of the remedial aiternatives. Evai.ation of
state acceptance is reserved for the Agencies.

7.1.9 Community Acceptance

This assessment evaluates the issues and concerns that the public may have

regarding each of the alternatives. The evaluation of this criteria is reserved for the
Agencies.

7.2 individual Analyses

The analysis of individual alternatives with respect 10 the first seven of the nine
critena is discussed below. Evaluation of community and state acceptance is reserved for
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tre Agencies. Once each remedial alternative has been described and indwvidually
assessec agamnst the criteria. a comparative analysis 1s presented evaluating the reiatve
perfz'mance of each aiternative relative to each speciic cntenon. Up to this point in the
FS process. each alternative was analyzed independently without consideration of other
alternatives. The comparative analysis identifies key tradeoffs among aiternatives usefu! to
the Agencies during remedy selection. Detailed analysis of Alternatives 3 and 4 are
presented in the following subsections and compared in Section 7.3.

7.2.1 Alternative 3;: RCRA Cap

Alternative 3 involves the following major components:

. Full RCRA cap

. Deed restnictions

. Fencing

. Ground-water collection

. Surface leachate seep coliection

. Ground-water monitoring

. Surtace leachate seep monitoring

. Monitoring of Kings Run

. Water treatment by neutralization/precipitation (Option A only)
. Water treatment by constructed wetlands {Option B only)

The evaluation of Alternative 3 using the remaining seven criteria is presented below.
7.2.1.1 Overait Protection of Human Health and the Environment

Overall protection of human health and the environment is provided by Alternative 3.
The iong-term eftectiveness should be excellent. The excavation of soils on site presents
short-term rigks to workers and the surrounding popuiation, but these exposure risks could
be mimmized through the use of dust control measures during earthworking processes and
the employment of proper personal protective equipment (PPE) for site workers, when
needed. Once the RCRA cap were in place, Alternative 3 would effectively reduce the
infiltration of rainwater through all of the waste material. and eliminate human contact with
the capped waste. Although the cap itself would provide no permanent reduction of the .
toxicity, mobility, or volume of the comtaminants found in the soil matrix, both water
treatment options provide a reduction of mobility and volume of the waste.

It is projected that Alternative 3 would be abie 1o meet the cleanup requirements for
the site. as weli as federal ang state ARARs. :
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7.2.1.2 ARARs Compliance

CERCLA 121.9){2) requires that superfund actions comply with other laws that are
ARARs. Alternative 3 would be able to meet the remedial action goals for the site.
including ARARs for the site.

Action specific ARARs regarding fugitive dust emissions will be met by controlling
these emissions through the use of dust suppressants. The cap would meet recommended
and regulated minimum design standards at both the state and federal level and consistent
with U.S. EPA guidance entitled "Minimum Technology Guidance for Final Covers on
Hazardous Waste Landfills and Surface Impoundment”. The cap and leachate coliection
system should effectively eliminate the migration of contaminants to off-site surface water.

Chemical specitic ARARs regarding air emissions from the ieachate treatment system
will be met. Discharge from the treatment system will not exceed the limits determined for
the site during the NPDES permit process.

7.2.1.3 Short-Term Effectiveness

Protection of the community during implementation of the remedial action couid be
accomplished under Alternative 3. Site access control would be maintained during any
remedial action to restrict entry ¢ (ang thus. reduce potential exposure 10) unauthorized
personnel.

Alternative 3 would require the excavation‘grading of approximately 11 million cubic
yards of material to implement the remedial technologies. This grading of matenal could
produce airborne contaminants through the stirring of dust and contaminated soils on site:
these contaminants are potential hazards to workers on site and to nearby residents. Dust
control methods would therefore be employed, if necessary, to minimize the transfer of
contaminated soils into the air from construction related activities.

The transport of approximately 393,700 cubic yards of clay borrow material may also
be a source for uncontaminated tugitive dust emissions, but these emissions could also be
controlied through the use of a dust suppressant.

If monitoring indicates it is necessary, workers would be protected during initial earth
moving activities thrcugh the use of Level C PPE to further reduce the threat of airborne
contaminants. PPE to Level A or Level B would be implemented. if necessary.

The implementation of the aiternative utilizing either water treatment option A or B is
not expected to have a significant detrimental impact on the environment. and would
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produce an immediate environmentar benetit Dy significantly reducing the quantity arg
concentration of the contaminated waste leachate that migrates ot site.

7.2.1.4 Long-Term Etfectiveness and Permanence

The rmagnitude of residual risk under Alternative 3 should be lowered due to the
physical separation of the contaminated soils trom human receptors and the environment
that is provided by the cap. In the unlikely event of RCRA cap failure. the nsk from
residual waste on site wouid be small due to the leachate collection and treatment system
utilized under water treatment options A ang B for the alternative.

The adequacy and rehabiity of RCRA capping systems are well documented on
hazardous waste sites. This alternative would cut off the source of recharge to the Waste
Pit and the water-bearnng zones potentially in contact with it. thus. preventing any future =
mobilization of the Waste Pit co-:aminants into ground water or surface leachate seeps.
The stringent sloping requirements and multiple fow permeability layers of the RCRA cap in
Alternative 3 increase the performance and relability of the entire system. The reliable life
expectancy of the RCRA cap with normal maintenance s approximately S0 to 100 years,
After this period of time. more extensive maintenance and repair procedures may have to
be undenaken io resicre the alfectiveness of the cap.

The drainage channels in Alternative 3 would require periodic inspection for erosion
or other forms ot degradation. The inlet ang outlet ot Kings Run would also be inspected
tor degradation regularly. The pipe run aiso requires inspection for silting’/blockage.

Routine cap maintenance would be limited to periodic cap inspection and mowing of
the vegetative layer as needed. Any signs of unexpected setting or subsidence wili be
addressed immediately upon discovery.

Surface-water treatment Option A (chemical treatment of the stream) is a weli-proven
means of water treatment. The use of lime to neutralize a waste stream and precipitate
metal contaminants is a commonly employed technology for the remediation of
metal-contaminated waste streams and acid mine drainage. Before a waste-specific
treatability study is pertormed using the technology. however, it is uncenain exactly what
effluent quality could be achieved using this method. The chemical treatment option is
flexible, however, and thus couid be tailored or modified to improve eftiuent quality if
necessary.

Surtace-water treatment Option B (the constructed wetland technology) has been
demonstrated in the treatment of acid mine drainage. As with the chemical treatment
option. it is unknown what leve! of effluent quality can be achieved using this technotogy.
The passive treatment associated with the constructed wetiand option, however, does not
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aliow for the fine control over effiuent qualty that is possibie with a chemical treatment
system The sludge generated from neutralization precipitat:ion is disposed at a hazargous
waste landtll. Preciptates trom wetlands treatment will be tested to determine if they are
hazardous or nonhazardous, and disposed of appropriately. For costing purposes. the
studges are assumed to be nonhazardous waste that is transported to an off-site langtll.

7.2.1.5 Reduction of Toxlcity, Mobility, or Volume

The construction of a RCRA cap would reduce the potential of exposure to the
contaminants, but does not result in the reduction of toxicity, mobility, or volume of the
landfilled material. The cap would reduce the volume of leachate produced, however, by
effectively mmimuzing infiltration of rainwater. The mobility of the contaminants would aiso
be reduced through this reductiz- 'n infiltration.

The construction of the leachate collection system in Alternative 3 would limit the
rmigration of contamunants into the ground water and would reduce the risk for human
contact with the contaminants. but does not result in a reduction of the toxicity, mobility, or
volume of the waste.

Both water treatment options A and B result in a reduction of volume and mobiiity of
the contaminants. The treatment systems are designed to treat approximately 3 million
gailons of leachate per day. Water treatment option A would produce an unknown quantity
of sludge along with the process that will need gisposal; treatment option 8 also results in
the formation of sludge. For cosung purposes, it has been assumed that the sludge
generated by treatment option 8 :wetlands) is nonhazardous and is transported to an off-
site lanatill for disposal. The sluoge will be tested to determine whether it is hazargous or
nonhazardous. and disposed of appropriately.

7.2.1.6 Implementability

Alternative 3 1s implementable with some difficulty at the BRL site. Installation of the
RCRA cap does require the grading of an extensive amount of material (approximately 11
million cubic yards) to meet the si-ingent slope requirements of the cap. in addition,
Alternative 3 would require instahaton of double pipes to contain Kings Run, making
impiementation of this alternative ditficult.

The technologies of excavation and capping have been well proven, and have been
extensively practiced on hazardous waste sites in the past. Additional remedial actions. if
necessary, would be difficult on the capped portions of the site, and will most likely require
the removal of a portion of the car.
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implementation of a RCRA cap wou'd be expected to take a mimmum of 3¢ mgrtns
Tnis schedule may be delayed based on weather conditions as well as constructon-reiated
tfactors. The matenals. equipment. and services necessary for the construction are
available for all aspects of the alternative.

The proposed ground water and surface leachate seep collection technologies are
readily implementable at the BRL site. Impiementation of the ground water ang surface
leachate seep treatment by precipitation/neutralization can also be readily implementable.
Sufficient area is available for the construction of this option. As wetlands treatment
requires more space (approximately 9-18 acres), site topography needs to be carefuily
evaluated during the remedial design phase. If Alternative 3 is selected, the maximum site
of the wetland would be 9 acres, due to the grading requirements for the RCRA cap.

The administrative implementability of Alternative 3 is also expected to be good The
discharge of treated water would require coordination with and approval from the OEPA
through the NPDES program. Final design of the alternative should also be coordinated -
with the ODNR Division of Reclamation; the reclamation to the west of the site is under
ODNR s jurisdiction.

7.2.1.7 Cost

Costs associated with Alternative 3 (in dollars) for water treatment options A and B
are shown below. The capital cost includes direct capital for the equipment, iabor. and
materials that would be necessary for the instailation ot the RCRA cap. leachate coliection
system. fence. and water treatment system. Indirect capitai costs for engineering and other
contingencies are also included in this figure.

Annual costs for this alternative wouid include operation, maintenance, and sampiing.
Total present net worth values of all costs include a 20 percent preliminary estimate
contingency, and future costs are based on a 5 percent discount rate. All costs presented
below are rounded to the nearest $1.000. The total net present value for Alternative 38
includes wetlands dredging and revegetation in years 15 and 30. Cost estimate details are
presented in Appendix B.

Alternative 3A
Annual : Total Present
Capital Co Q&M Cost Duration Net Worth
$184,745,000 $834.000 30 years $196.913,000
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Alter~atve 28

Annuat ‘ Total Pregent
Capita’ Cost Q&M Cost Duratign Net Waortr
$191.222.000 $153.000 30 years $£183.084 000

7.2.3 Alternative 4;: Standard Cap

The major components of Alternative 4 are:

. Standard lang¥ - -~

. Deed restrictions

. Fencing

. Ground-water collection -
. Surtace leachate seep collection

. Ground-water monitoring

. Surtace leachate seec monitoring

. Monitoring of Kings Fun

. Water trzatment by neutralization precipitation (Option A only)

. Water treatment b, constructed wetlands (Option B only)

Evaluation of the seven criteria for Alternative 4 are presented below.
7.2.3.1 Overall Protection of Human Health and the Environment

Overall protection of human health and the environment is provided by Alternative 4.
The iong-term eftectiveness of Alternative 4 is very good. The excavation of soils on site
presents short-term risks to workers and the surrounding population, but these exposure
risks couid be mimimr zed through the use of dust control measures during eanthworking
processes and the ¢ ployment of proper personal protective equipment (PPE) for site
workers, when needed. Once the cap is in place. A'ternative 4 would effectively reduce
the infiltration of rainwater throu, z. of the waste r sterial, and would eliminate human
contact with the capped waste. A.-ough the cap itself would provide no permanent
reduction of the toxicity, mobility, or volume of the contaminants tound in the soi matrix,
both water treatment options provide a reduction of mobility and votume of the waste.

it is projected that Alternative 4 would be able to meet the cleanup requirements for
the site. as well as federal and state ARARs.
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7.2.3.2 ARARs Compliance

CERCLA 121(d)(2) requires that Superfund actions comply with other laws that are
ARARs. Alternative 4 should be able to meet the remedial action goals for the site,
including ARARs for the site.

Action specific ARARs regarding fugitive dust emissions would be met by controlling
these emissions through the use of dust suppressants. The cap would meet recommended
and regulated minimum design standards at both the state and federal level. At a
minimum, the cap would meet applicable, relevant, and appropriate sanitary landfill design
standards at both state and federal levels. The cap and leachate collection system should
effectively eliminate the mugration of contaminants to oft-site surface water.

Chemical specitic ARARs regarding air emissions from the leachate treatment system
will be met. Discharge from the treatment system should not exceed the limits determined -
for the site during the NPDES permit process.

7.2.3.3 Short-Term Effectiveness

Protection of the community during implemantation of the remedial action can be
accomplished under Alternative 4. Site access control would be maintained during any
remedial action to restrict entry of (and thus, reduce potential exposure t0) unauthonzed
personnel during on-site RA activities.

Alternative 4 would require the excavation/grading of approximately 1.3 million cubic
yards of material to implement the remedial technologies. This grading of maternal couid
produce airborne contaminants through the stirring of dust and contaminated soils on site;
these contaminants are potential hazards to workers on site and {0 nearby residents. Dust
control methods would therefore be employed, if necessary, to minimize the transfer of
contaminated soils into the air from construction related activities.

The transport of approximately 280,720 cubic yards of clay borrow material may aiso
be a source for uncontaminated fugitive dust emissions, but these emissions couid aiso be
controlled through the use of a dust suppressant.

if monitoring indicates it is necessary, workers would be protected during initial earth
moving activities through the use ot Level C PPE to further reduce the threat of airborne
contaminants. PPE to Level A or Level B woulgd be implemented if necessary.

The implementation of the allernative utilizing either water treatment option A or B is
not expected to have a significant detrimental impact on the environment. and should
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proc.ce an mmediate environmental benefit by sigr “cantly reducing the guantty ang
concenatraticn of the contaminated waste teachate =3t migrates off site.

7.23.4 Long-Term Effec::veness and Permanence

The magnitude of residual risk under Alternative 4 would be lowered due to the
physical separation of the contaminatec soils from human receptors and the environment
that is provided by the cap. In the event of cap failure, the risk from residual waste on
site would be small due to the leacnate collection and treatment system utilized under
water treatment options A or B for the alternative.

The adeguacy and reliability of standard landfill capping systems are well
documented. The reliable life expectancy of the standard langfill cap with norma!

maintenance is approximately 50 i - D years. After this period of time. more extensive
maintenance ang repair proceduré:  _y have t¢ be undertaken to restore the effectiveness:
of the cap.

Routine cap maintenance wouid be limited to periodic cap inspection for signs of
erosion, settiement and subsidence, and mowing of the vegetative layer as needed. Any
signs of unexpected setthng or subsidence in the ¢cap shouid be addressed immediately.
The drainage channels would alse require periodic inspection for erosion or other forms of
degradaunon. as well.

Surface water treatment option A, chemicai treatment of the stream. is a well-proven
means of water treatment. The use of lime to neutralize a waste stream and precipitate
metal contaminants is a commonly employed technology for the remediation of
metal-contaminated waste streams and acid mine drainage. Before a waste-specific
treatability study is performed using the technology, the effluent quality that can be
achieved should be determined. It should be recognized that the resuiting effluent quality
is presently unknown. The chemical treatment option is fiexible, however, and thus couid
be taiiored or moditied to improve effluent quality if necessary.

Surface-water treatment Option B (the constructed wetland technology) has been
demonstratec ' the treatment of acic mine drainage. As with the chemical treatment
option, it is unknown what level of etfluent quality can be achieved using this technology.
The passive treatment associated with the constructed wetland option, however, does not
allow for the fine control over effluent quality that is possible with a chemical treatment
system. The sludge generated from neutralization/precipitation is disposed at a hazardous
waste landfill. Precipitates from wetlands treatment will be tested to determine if they are
hazardous or nonhazardous. and aisposed of appropriately. For costing purposes. the
sludges are assumed to De non-hazardous waste that is transported to an off-site landfiil.
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7.2.3.5 Reduction of Texiclty, Maebility, or Volume

The corstruction of a standard landlill cap would reduce the potential of exposure to
the contam:nants. but dces not result in the reduction of toxicity, mobility, or volume of the
landfilled matenal. The cap would reduce the volume of leachate produced. however. by
effectively minimizing infiltration of rainwater. The mobility of contaminants would also be
reduced through this reduction in infiltration.

The construction of the leachate collection system in Alternative 4 wouid limit the
migration of contaminants into the ground water and would reduce the risk for human
contact with the contaminants. but does not result in a reduction of the texicity, mobility, or
volume of the waste.

Both water treatment options A and B results in a reduction of volume and mobility of
the contaminants. The treatment systems are designed to treat approximately 3 million =
galions of leachate per day. Water treatment option A would produce an unknown gquantity
of sludge along with the process that will need disposal: treatment option B also results in
the formation of siudge. For costing purposes, it has peen assumed that the sludge
generated by treatment option 8 (wetlands) is nonhazardous and is transported to an off-
site landfill. The sludge will be tested to determine whether it is hazardous or
nonhazardous. and disposed of appropriately.

7.2.3.6 Implementabitity

Alternative 4 is impiementable at the BRL site. Implementation of the alternative
would require the grading of a moderate amount of material (approximately 1.3 million
cubic yards).

The technologies of excavation and capping have been well proven, and have been
extensively practiced on hazardous waste sites in the past. Additional remedial actions. if
necessary, would be difficult on the capped portions of the site, and will most likely require
the removal of a portion of the cap. The effectiveness of the capping remedy could be
readily established through the sampling and metering of the leachate foliowing cap
instaliation. '

The proposed ground water ang surface leachate seep coliection technologies are
readily implementable at the BRL site. implementation of the ground water and surtace
leachate seep treatment by precipitation/neutralization can also be readily implementabie.
Sufficient area is available for the construction of this option. As wetlands treatment
requires more space (approximately 9-18 acres), site topography needs to be carefully
evaluated during the remedial design phase.
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Imp 2menta* 3n of Alternative 4 would expectel ¢ take a minimym of ‘8 mor:ns
This scheqgule Mav be cdelayed based on weather canditions as well as constructior--elaten
factors.  “ne mater als. equipment, and services necegssary for the consiruction are
available for alt aspects of the alternative.

The administrative implementat 'ty of Alternative 4 is also expected to be good. The
discharge of treated water would - __ire ¢0: Jmnation with an approval from the CEPA
through the NPDES program. Fin. design of the alternative should also be coordinated
with the ODNR Division of Reclamation since the reciamation to the west of the site under
their junisdiction,

7.2.3.7 Cost

Costs associated with Alternative 4 (in doliars) for water treatment options A and 8
are shown below. The capital cost .~cludes direct capital for the equipment. labor. and
matenals that would be necessary for ihe installation of the standard lanatll cap. leachate
collection system. fence. and water treatment system. Indirect capital costs for engineering
and other contingencies are aiso inciuded in this figure.

The annual cos* for this alternative would include operation. maintenance, and
sampling costs. Totz oresent net worth values of all costs inciude a 20 percent
preliminary estimate contingency. and future costs are based on a S percent discount rate.
Al costs presented below are rounded to the nearest $1.000. The total net present value
st Alternative 4B includes wetlands dredging and revegetation in years 15 and 30. Cost
astimate details are presented in Appendix B.

Alternative 4A
Annual Total Presen?
Capital Cost Q&M Cost ration Net Worth
$40.447.000 $780.000 30 years $52.492.000
Alternative 4
Annual . Total Present
Capita! Cost O&M Cost Duration Net Worth
$46,923,000 $989.000 30 years $48.663,000

7.3 Comparison Among Alternatives

. The alternatives were assembied for the Buckeye Reclamation site have now been
evaluated indivigually on seven cnteria:
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. Qverail protection of human health ang the environment

. ARARs compliance

. Short-term efectiveness

. Long-term effectiveness and permanence
. Reduction of toxicity, mobihty, or volume
. implementability

. Cost

The other two criternia, state and community acceptance, are reserved for the Agencies.

In this section of the Feasibility Study report. the results of the detailed evaluation of
the alternatives and remedial options will be used to compare among the different
alternatives on the basis ot the seven technical criteria. It is only through a comparison .
among the different alternatives that one can sense the refative benefits that one alternative
may have over the others.

The purpose of this section. therefore, is to present the comparison in a way that will
reveal relative performance benefits and drawbacks. Table 7-t provides a summary of
gach alternative's relative performance according to the seven critena. A detailed criterion-
by-critenon companson of the aiternatives follows.

7.3.1 Overall Protection of Human Heaith and the Environment

All of the remedial aiternatives proposed for application on the Buckeye Rectamation
site are protective of human health and the environment except Alternative 1 (No Action).

The aiternatives that use a remedial action do differ somewhat, however, in the means _
employed to eliminate, reduce. or control the risks.

All ot the proposed remedial alternatives reduce the risk of human exposure to
contamination Dy using access restrictions to the site, a reduced permeability cap. and
some form of water treatment. Whether option A (chemical treatment} or option B
(constructed wetlands) are chosen, both will be designed and operated to meet the
remedial action goais for the site.
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7.3.2 ARARs Compliance

All of the alternatives proposed for the Buckeye Reciamation site should be asie to
meet the site-specific ARARs with the exception of the No Achon alternative.

7.3.3 Short-Term Effectiveness

The alternatives have similar impacts on short-term effectiveness because they
involve the use of excavation'movement of soils during cap installation. The alternatives
differ, however, with respect to the amount of excavation necessary as well as the length
of time required to remediate the site. These tactors present varying potential short-term
risks assoc:ated with the aiternatives during construction and impiementation phases.

All alternatives (with the exception of the no action alternative) have good to excelient

short-term eftectiveness. Because of the large amount of excavation and til required by
alternatives 3A and 3B, alternatives 4A and 4B are rated higher for short-term
eftectiveness.

Alternative 1, the No Action alternative. has very few negative impacts n the short-
term. but is not able to achieve the remedial action goals for the site.

7.3.4 Long-Term Effectiveness and Permanence

Alternatives developed for the Buckeye Reclamation site provide slightly different
levels of long-term eftectiveness and permanence. Al alternatives provide infiltration
protection. with Alternative 3A and 3B providing the most effective barrier, followed by
Atternative 4A and 48,

Among the water treatment options. option A (chemical treatment) provides the most
flexibility and effectiveness due to its high level ot controliability. Option B (constructed
wetlands) 15 an innovative technolegy that has been shown to have varying levels of
success.

Option A, chemical treatment, may require more frequent monitoring to assure
effectiveness of the system as well as more frequent maintenance. The increased
monitoring'maintenance may be balanced by the reliability/effectiveness of the treatment
option. Option B, constructed wetlands, however, requires a much lower level of
maintenance but has the uncertainty with regard to effectiveness. The No Action
Alternative, of course, is the least eftective of all the alternatives, ang fails to achieve
remedial action goals tor the site. '
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7.3.5 Reduction of Toxicity, Mobility, and Volume

Section 121(p){1) of the Comprehensive Environmental Response. Compensation. ang
Liability Act (CERCLA) of 1980 states that "remedial actions in which treatment which
permanently and significantly reduces the volume. toxicity or mobility of the hazardous
substances, pollutants, and contaminants are a principal element, are to be preferred over
remedial actions not involving such treatment.” The alternatives utilize no such permanent
treatment.

The comparisons ang ranking of the alternatives with respect to reduction of toxicity.
mobility, and volume of the contaminants results in an identical list of preferred alternatives
that are favored for their iong-term effectiveness and permanence. All atternatives provide
for a reduction of the volume of acid mine drainage and mobility of the contaminants
through the use of a fow-permeability cap and a water treatment option. The No Action
alternative, however, results in no decrease in toxicity, mobility, or voiume. -

Water treatment option A is more proven than option B and allows control over
effiuent quality. Option B is an innovative technology that has met with success in treating
acid mine drainage in Ohio.

7.3.6 Implementability

The implementability of any alternative can be divided into technical and
administrative implementability. These are compared for the different alternatives below.

Technical feasibility is the actual ability to implement the aiternative from a techmical
standpoint. All of the alternatives for the Buckeye Reclamation site are technically
implementable. The technologies. capacities, and manpower necessary to successiully
operate the alternatives exist tor each option.

The most difficult alternatives to implement from a technica! basis are Aiternatives 3A
or 3B. The impiementation of a RCRA cap on site is complicated by the varying
topography of the site, and the extensive amount of earthwork needed to achieve the strict
sicpe requirements of the cap. Alternative 4A and 4B (standard landfill cap) are the
easiest 10 impiement from a technical standpoint.

Option A is a more commonly used treatment technology because of assured
effectiveness and the increased leve! of controllability of the system. Option B is an
innovative technology that has shown of success in simildr situations.

Administrative implementabiiity is the feasibility of an alternative to attain the approval
of the various regulatory agencies and other governing bodies necessary to implement the
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afternative. N contrast with the technical feasibity aspect of the alternatives, Alternative
3A anag 38 may be the most adminisiratively /mplementable alternative. The full RCRA can
provides a great amount of protection to the site. and thus woulc be the least likely to
encounter administrative disapproval. however, technical teasiility clearly drives the ranking
unger this criteria.

Administrative approval of the No Action alternative is very unlikely, due to the risks
that the site currently poses to human heaith and the environment.

7.3.7 Cost

The estimated present net worth of each aiterna-  is given in Table 7-1. These
costs are given assuming a 30-year water treatment time.

The array of costs presented shows Alternative 3 to be the most expensive
alternative. followed by Alternative 4. and 1. This order remains constant when either
option A or B for water treatment is chosen. There is an approximate difference of
$148,414 000 between the least expensive (Alternative 4B) and most expensive (Allernative
3A) remedial alternative (not including the no ¢ost. No Action alternative).

It is important to realize that one major factor (the cost of capping and grading
activities) controts a large portion of the cost for some or all of the alternatives. If this
parameter varies, the cost of a remedial action aiternative may change drarnatcally.

N’
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APPENDIX A

APPLICABLE OR RELEVANT AND APPROPRIATE
REQUIREMENTS (ARARs) FOR THE BRL SITE
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Mr. william €. Olasin
BRL = Project Manager
Ashland Chezical Conmpany
P.O. Box 2219
Colunbus, Ohioc 42216 -’

Re: Buckeye Reclazation Larmds:ii:
Dear Mr. Clasin:

Enclcsed are the Applicable or Relevant and Appropriate
Reguirezants (ARARS) and other factors to be considered (TBCs) {
which apply to the Buckeye Reclazation Landfil) Feasibility Szudy
(FS). 7This transaittal {s made up of three parts: 1) jeint

agency co=nents on the draflt preliminary scoping of potential
rezecdial actions and an azended Alternatives Array Matrix (AAM),
2) U.S. EPA ARARS (water division ARARs are included in a

separate decuzent) and, 3) Ohio EPA ARARS. The azmended AAM vas
used to obtain ARARS frem the various divisions at U.S. EPA and
the State of Chic and vill follov under separate cover.

Since the altarnatives and techneclcgies are presaently in the ~
develcopoent stage, additicns to the ARARS and TBCs may occur. 1If
the Agencies deteraine that other measurass, not detarained teo be
ARARS are necessary te protect public health and the enviror=ent,
they wvill be part of the overall site resedy. Other types o?f
Tequirenents, such as monitering, reperting, access, efc. vwill be
included as part of resedliation.

Remedial actions vhich are conducted entirely on-sise will ne:
require pernits. The technical requireszents and not the
adzinistrative requiresents of any ARAR pera!ts pust be satisZied
before the re=edial action can be approved.



Following this transmittal will be a copy of the propesed Chio
S0l1id Waste Regulations which are currently TBCs and will be
ARARS when finsl. 1If you have any questions regarding the ARARS
and TBCs, please contact us,

Sincearely,

an J. Blair

Xen Tindall

Rexedial Project Manager Group lLeader

U.S. Envirern=ental Pro.ectien COhie Environmental Preotecticon
Agancy Agency

Enclosuras -

cs: David Graham, Chairz=an, BRL Steering Cormnittees
Wesley Bradford, Versar, Inc.
Xathy Cavidson, OCA=TSU, OEPA-CO



GINERAL STATUTORY AUTHCRITIES

AIR

Scze of the remedial action alternmatives that could De selecced
gor detailed evaluation could result in the relsass of
particulate matter, toxic, and/or radicactive gases via the air
pathway if i{mplexzented. Alir ARARS stea from the Clean Air Ace,
and include substances regqulated through the federally approved
State Japlezentation Plan (SIP) and substances regulated under
the ;cd;ral NESHAPS progran and the Nev Source Performance
Standards.

RCRA

The portions of the Resource Conservation and Recovery Act, as
anended, which apply to this preject are ocutlined in the
alternative specific portion of this doecument. In gensral the N’
RCRA regulations found in 40 CFR 264 Subparts €, F, G, N, and 0
apply, as wvell as 40 CFR 270 (incineraticn) and to a lesser

extent, 40 CFR 262 and 26). Fer complete copies, you should

refer to the applicable Cole of Federal Regulations.

Water

The Clean Water Act and the Safe Drinking Water Act are the
gereral fecderal statuzes to refer to for federal wvater ARARS.
MTls, MCLSSs, and AWQC, may be ARARS under CERCLA.

State

The generally pertinent State of Ohic statue is the Ohio Revised
Code (CRC). ORC Chapter 1704 estabdlishes Ohic EPA’s autherity teo
regulate and control air pellution within the State of Chie. ORC
Chapter 3734 provides statutory autherity for the regqulatien of -
solid and hatardous vaste activities in the State of Ohie. CORC
napter 6111 estadlishes Chio ZPA’s authority to set vater
quality standards and regulate vater pollution sources. CORC 1521
and CAC 1501 regulate dazs, dikes and levys. The State of Ohio
Tegulations and rules develcoped on the basis of the ORC can be
found in Chapter 3748 of the Ohic Adrinistrative Code.



prvirersental Bmdtia/

Feleral ARARs

Rezedial Tecmlogy Types

Greund wvater,
Surface vatexn,
Landfill, Wass
Pit/use restzetions

Ground vater/
capping

Surfacs vateyf
capping

Soils in WastaPit/
capping

Soils and Wasm in
landfill/cappimg

Ground wvater/
monitoring

Ground wvatar/
collection/trataent

Surface vatar/
cellection/tratnent/
disposal

RQRA
1) Use Restrictions (40 CFR 264.1:1.6"

AlR
1) Fugitive dust control froz grading.

2) To be considered s that regulacticns
have besen proposed and are being
developed that would specifically
require controls for landfills.

-

3) Ancther facter to> be ccnsidered s
the risks that arise thrcough inkalatisn
die to air erissiors caused by a variecty
ol remecdial actions.

EZEA
1} Solid Waste Clesure (Subtitle D) -
Refe> to Ohio sclid wasts regulaticns

2) RCRA landfill clesure reguirezents -

Closure reguirenents = 40 CFR 264.2310

Post-closure care ~ 40 CFR 264.310(Db)

Use restrictions = 40 CFR 264.117 an<
264.117(c)

1) Substantive reguirenents cof
40 CTR 264.92 =264.99

AR

1) Adr emissions may not exceed
enission standards for this source
* established in the approved State SIP
-and any applicable Nev Source
. Perfcrmance Standards (NSPS) or Natleral
T Paission Standards for Hazardous Air
Pollutants (NESMAPs). Volatile organic
coczpounds which may be emitted may
Teguire risk calculations.
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2) Speclal handling of spent activated
carbon is required if raden products
which may be present in the water lead
to a concentratien i{n the carben that
Beests “radicactive” definition of perT.
Breakthrough or release of raden gas
shall not creats an occupational or
public health threat and shall nes
exceead State radicactive exission
standards. Radlatlion monitoring may be
required in the design (and possikly
throughout ipplexzentaticon) phase of the
renedy.

RCEA

1) Groundwatar concentration a¢ the _
sourse ¢{ the cleanup progran rust te
less than or equal to SOWA or RCRA MCL's
at the point of compliance (waste urnit
beundary). Altsrnate Concantratien
Lizits may only be used under the
limited conditions outlined in CIRCLA
Seczion 121(d) (2) (B) (iL). A-Zient
Watar Quality Criteria may alsec be ARARS
under certalin circunstances. A starcard
for drinking water more stringent than
MCL’s may be needed in special
circunstances. In such cases the Agency
vill consider the MCLG and other
pertinent guidelines., TBCs include
Health Advisories and the 1078 risx
based levels established by the
Endangerdent Assesszent for cormpeunds
withous MCls.

2) If colleczion/treatment activities
require storage or treatment in tanks,
or ccntainers or miscellanescus RCRA
units as defined in 260.10, then the
Facility must conply with the
substantive elezents of 40 CFR 264,
Also, if vastes are transported of?f-
site, all applicakhlie RCRA Tequirermernts
for generators and transporters sust be
attained.

ﬁ) Disposal of any hazardous resicuals
zust also take into consideraticn the
CIRCLA Off-site Policy.



Surface vater/
diversion cuivert

Surface vater/
bateching

Waser

1) Discharse wvater frecz tremment urit
Dust Zeet Or exceed Clean Wawr Act
NPDES pernmit discharge lizits
established for the particulm
discharge, depending on hov mml viere
discharge ocsurs, See StateMiRs.
TBCs include 10°% risgx levels
estadlished by the Endangermmt
Assesszent for compounds withmt MCLs.

2) Standards, {ncluding the®ate’s use
designations and chemical links, for
prevention of chrenically taosic
conditions must be met at tmpoine
cround water infiltrates irxsmclace
water.

) MZL's acd AWQSC, undar treSafe
Drinking Water Act and CleanWxter Act,
Bust be met for ground waterax the
corpleticon ¢f cleanup. A stmdard f:c»
drinking wvater pore stringermtthan MIl's
Zay be needed in certain insimces. In
such cases, the Agency will amsider the
MCLG and other pectinent guillines.

4) 40 CFR 403 = General Pretmtzent
Regulations for Existing anrd Baw Scources
¢ Polluticen - Identifies traczent
sequirezents for liquid wvastestTeazs
before thesas stirearms can be Echarjed
to & pudlicly owned treathentmcks
(POTW) .

RCRA

1) RCRA land?ill closure rejgiresencts-
Closure requirerments = 40 CFRM6.31°.

2) Solid wvaste closure = Refr to Ohio
solid vaste regulations.

1) If activities require stamge or
treatment in tanks, or contaimes or
miscellanesus RCRA units as dfSned in
260.10, then the facility muscoeply
with the substantive elezentsef 40 CFR



Solls in Waste Plt/
excavation and on~-
site treatzent

Soils in Waste Pit/
axcavation and
incineraticon

-‘-

264. Also, if vastes are trarnspsed
off-gsite, all applicable RCRA
requirenents for gearerators and
transporters will be attained fwr 3l
wvaste transported cff-sice.

Alx

1) Fugitive dust contrel frem gading
and excavation; vapor and other
enissicons during treataent of
contaninated s¢ils = reguirezents onder
the Clean Adir Aet,

BCRA

1) All reguirements of 40 CFR 2B -
Land Dispesal Restrictions

Aix

1) Fugitive dust control frem gmiing
and excavaticn; vaper and other
ezissions during treataent -
Tequirements under the Clean Alrks=.

2) State Implementation Plan
requirenents and applicadble NSPS 2
NESHAPs limitations.

3) THCs include modeling to demmine
riskx/linits ©f any eaissions, vamtiles,
diexing, etc.: particulate contl -
Nationsl Ambient Air Quality Stamiari
for particles <10 aicroneters (HED) -
24~ hr PM10 standard is 150
nicrograns/cutic meter of alr vilk ne
zore that one cxctcdaneg/yoar, ammsl
PMLO0 standard (s %0ug/m’ based mannual
arvithaetic mean; and temperature hn
secondary chanrber maintained at sinimuxz
2200F vith sininun residence time? 1
second.

RCRA

1) Performance standards, inclullng
requirezents for vaste analysis,
monitoring, inspections, and clamre.
See 40 CFR 264.340-264.2351.



Scils in Waste Pi%/
excavation and ip
ity vaper extraction

Soils in Waste
Pit/Excavaticn and
Off-site treataent

=fa

2} Achieve destruction and rexcval
efficiency (DBRE) of 99.99% for each
principal organic hatardous constizuent
(POKC) .

3) Trial burn and trial burn plan per
40 CFR Sections 270.62 and 270.19.

4) I¢ incinerstion activities require
storage or treatzent in tanks, eor
contaliners or miscellaneous RCRA units
as defined in 260.10, then the facility
zust comply with the substantive
elenents of 40 CFR 264.

Water

1) Any liquid hazardous waste stres-s
resulting from incinerator will have %o
be dealt vith {n azcordance with Federal
and State Water ARARS described alkeove.

Aiz

1) Point source enissions regulated
by Clean Air Acs.

- -l

1) EIxcavation ARARS as above.

2) If vastes are transported off-size,
the facility must comply vith the
generator substantive criteria of 40 CFR
262 and vith the disposal regquirsnents
of CIRCLA Section 121 (d4)(3), and
ensure transporter meets substantive
reguirezents of 40 CFR 26). Off-site
disposal must meet requiresents of 40
CFR 263 (lLand Disposal Restrictions).
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UNITED STATES ENVIRCNMENTAL PROTECTION AGRNCY

DRAFT

Water Division Review of the Reguest 'for ARARS for the Buckeye
Reclarmaticn landfill Site in St. Clairsville Onio

Charles H. Sutfin
Director, Water Division

Basil G. Constanzeloes
Director, Waste Managemen: Division

The Water Division has revieved the sudject documen: as
reguested by the OIfice of Superfund, and has the following
cor=ents.

Ea:xg-ﬁuuﬂ

The site, locazed in Belmen: Cournty in easzern Orio, an4
contains vasces associated vith mining activities that occurres
until adout 1940, The site was licencensed as a sa~izarcy
land?f{ll in 1971, ané accepted municipal and indussrial wvas:e.
The main threat to water quality at the site is frem the mine
vastes, which Ccreate acid mine drainase (AD) and premes
leaching ¢f metals from the "god pile". Municipal wastes vere
landfilled in this area and covered by gob and nasive clays, so
AMD also leaches contaminants froa the garbage.

This is an unglaciated area of ORio that is dissectesd Dby
valleys containing small s:reams. The gob pile and vaste areas
are in a valley belev the crest of a ridsge and in the drairage
ravine for Xing's Run. Bedrock oOutlrops in the area of une
ravine, displaying fairly horitontal structure. Ground waser
use (s restricted to wvells drilled {in the Banweod Limeston anc
the Little McManon Creex alluvial aguifer. The ged pis

currently contridutes to recharge of doth vater-bearing unics.

e ds [

- It s the position ¢of the Office of Ground Water that the
RP's used the U.S. EPA Draft Ground Water Classificasion
Guidelines (GWCGS) incorrectly. The GWCGs wvere intenced o
classify ground vater to provide differential protection to
naturally occurring ground vater resources. The gob pile is
not a naturally occurring vater-bearing unit, is not delow
the land surface but rather rests on the natural surface,
and represents more of a contaminan:t source than a greuna
waser resource.

However, the god pile (s in nhydraulic connection to tne
alluvial aguifer along Little McMahon Creek, and the Benwood
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Limestcre st the site, vhich, by virzue of containing wva
vells, would De Class Ila ground vaters (current Ar:.nx.
water source). Because the GCb pi.e acts to recrarze >
aquifers, OGW Dbelieves the firal selected remezdy sroyul
include measures to minimize <the nRydracll ccronezzian,
inciuvding a full-site cap that at leas: reezs Chic sg-iia
wvaste <.spcsal capping specificaticns. (7. Bailar?d, 3-141%;

wlmple ‘e b gw -{

CERCIA Section 121 requires selection of a Remedial Ac:icn
that ls protective 2f human health and the environmens. Tre
interim s.icdance to 1mp1¢mn= this requirement vas pu-.:she2
in the [eceral Register, *Superfund Complianze wW:i=x
ApplicaZie or Relevant and Appropriate Requirements" (%2 F2
32498; Acgust 27, 1987). 1In selecting protective sca~zarss
for remedjation ©f a contaminated wvater supply, the Sa‘e
Prinking wWater Act (SDWA) serves to Pprovide che~izal-
specific applicatle or relevant and appropriate reg.ire~encs
(ARARS ) . )

The MCLs are the Nawicrnal Primary Drinking Wazer Regolazicens
(NPZWR) promulgated at 40 CFR 141 pursuant to the SITWA,
The MCLS are the eniorceadble dArinking wvater stancaris ang
ate applicatle where the vater will be provided direz<ly to
25 ¢r mere pecple ©Or will be supplied t2 15 or mcre serv.ce
ccrnections. Hence, MCLS are agplicadle to puliis wazer
systems and are re.evant and appropriate to private water
systems. Wnen MCLs are applicadle, they should ac leas: be
met at the tap. WwWhen MCLs are relevant and approgriace in
cther Cases wvhere surface vater or ground vazer is or may be
irecsly used for <drinking vater, and {n such cases, the
MCLs should Pe met in the surface wvater or greouns wacter
itself. The drinking vater regulations are potential ARARS
for this site sinc: zhe Benvood Limestone and Little McManon
Creex aquifer ar: -echarged Dby infiltration from the gob
pile, and are used :or drinking wvater.

wWhere surface wvater {s used for a drinking water scprly.
MCLs may $2ill De potential ARARS:; hcwvever, a 2ine ¢f m.x.ng
may be alloved from the point ©f discharge. This is uscally
addressed in the Naticnal Pollutant Discharge Elim.nas:.on

System Permit process.

Furthermore, while nenpromulgated guidance are not pocential
ARARS, they are sti.]l to-be-considered (T3C) as part cf zne
sSite risx assessment and may Dbe used in cetermining tne
necessary level of cleanup for protection of health cr the
environment. TBCS are non-promulgated advisories orF
guidance issued by Fecderal or State government that are not
legally binding. Hovever, TBCS may be considered along witn
ARARS . Examples o©f potential TBCs include hea.in
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advisories, reference doses, potency faciors, and seccrnlary
drinking wvater standards, and proposed prirmary ane
seconcary drinking wvater treatment standards.

In assuring that the current drinking wvater stancdards are
used, ve have enclosed the most recent update of the
nrinxing Water Standards and Eealth Advisory Table for
refereancs.

= Tinally, as you know, adjustments may need to Dbe macde to
these levels vhen ARARS and other selected cCriteria are
outside the acceptadble risk range. (5. Bianchin, 6-9537)

‘de

= As a result of staffing constraints the Water Quality Branch
wvas unable to revievw the subject document. No corsments
regarding surface vater impacts or the regulatory
reguirements of the Clean Water Act potentially applicarle
to this $ite are deing provided at this time. B

Thank you for the opportunity to reviev this document. wWe
would appreciate receiving feeddack on the disposition ©f our
major comments, as this will enhance our adility to previde
useful inpus in the future. Marginal notations by the RP™ cn a
copy ©f this memo would dDe sufficient, or a Copy ©f any lez:er
sent out to PRPs, contractor, etc. Should you, Or the RPM,
have any specific questions on a comment, please contac: the
appropriate reviever.

cc: Don Bruce, SHS-1l
Xen Tincdall, SHS-l1l

bee: Garl
Harrisen
Bianchin
Henry

WIB:dc:Draft 1:6/27/89:Cercla IINfinal\buckeye.arr

-’
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aricipated 0 oOTUr over spcifk eQquse ATatians. Health advisories
cormain 8 AATEIn of safety, tO mEACT sEnsitive merters Of e FRlatien.
T Haalth ASviscries are develgul for ae—dly, te—day, lager tam 2t
lifelve ©GESres Dasec on Catalssriding OO0 CArCLoTRenic eyolims of
texicity. Tw adviscries are immxiad to serve as {~formal tecnical
guidare ¢ assist Tederal, Stxmwrd lecal officials vhen ererpexcy
Spills OF CaTATLAT SitutiosETyr. They are non consiroed as lesally
eforoeable Federal Sadaris atare fbject O chage as NV nformation
beccmsd 8Valladle.

10-Kg Onild, -0y, 10-Dmy axd Temm: Tere

e cnild is assamed tO Do a romawsitive populacion emity. Included in wm:s
assrgnion, is that the oy vejge of a child {3 10 ¥3 and that N liter of
vater per day is ingested. U these & OUr Mssrprions soecific to the
available texicological data Damk, Hadlth ASvisory values have Deen &erivedt a¢
listee in e respecive Colurvsty aw-day, t€-day A longer term eqrsoces.
longer term s Sefined as ayproxamely 7 yuats, or 10 percem of AN Lxuvidal's

lifenive.

20-K2 Myls

Healh Adviscry valoes for the amit ate derived in the sEe wviy &S for whe 10-k3
Child, Main, cerain aserpnics ate rade: The xS.% is assowt o weigh 7C k3
ad CIsTe 2 liters of valer pmoxy.

l:mqu; Tarm: As vih 2w 10-kg Bfld, ioger term egnroe is aspraxciaely
7 yeass Or 10 perom of an rEividAl's lifeime.

D «°  Referexce Ixse: famrly Xown A3 the Noermadle Dally Lrake
(AD1), the R (s xwrate of & Qily egosre O e Rt
Epulacion (Leluxdig sersitive sapopulscians) ethas §s lixely t2 De
ViU Apreciablemisk or dslemerious ¢ffecis OVRL 2 lifmle.

e RO i egrsal & yuits of dally &ss.

DL, - Prinking Wazer Eomles Lifesime:  The redigrspacific ({.e.,
drinking wvater) lifroe oqoelt level, rming 100 rcen
cGrroe rom tht EE R, St VARG adVarse rocarcincneic healw
‘effacns would et Reganiad o Ty, T D& s derivee I
Mltiplying the ROty e adult oy weight {70kg! ard Aavides oy
e st dally vam corarprion (2 1iters/day).

Liferime Nealth MAViscry: Thiswmlue is deeminad by facsoring in ouwer
sources of ©CTELre o e partialar coraminat. The relative ouTe
comribnian {ran Arining veterds basad on xXtual egesse dAata. 1f A e
unavallable, 8 value of 20 peroER {5 AN {Or syrihwekic organic Cwmical .
comaning=s ard & value of 10 pxmm assowd for irorganic chwmical oo
taninams. The lifetime Healthlrisory i3 Amermined by multiplying the B
Dy the relazive source comrihaim {roa Arinding vater.
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Carcer XAp: The Office of Healwth ad Bwvirorwer=a. Assessmern ((HEA)
vithin IPA's Office of Resaarch ard Deveicrwmn (ORO) has drveloped
quidelines for cartogen risk assessmet. Thesd guidelines discuss
weighing the evitare that 3 SulsSarce iS a4 carcinopen, ard classifying the
chamical Umo ane cf {ive ¢TOSTS, Dased an e WeIgT of evidere:

Croap A - Hman carcliogen
Crop B - Protadie harman carcimgen
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B - limited iran evidexe 2t suficien il evidexe
B - SuUficiem animal evidece, Ut Ladegiatt Of o uman evidece
oy C Fossitle huran carcimge
Craps D - Not classified as to ran carslrogenicisy -
Gros I - Prdere of rocasciogenicity e hoans

{*) T ooxdes for e Soatie Pam o Soacue WA SRISTS ATe AS follovs:
F - firal
D - crals
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P~ proposec (Prase 11 4rads proveosal, basad on levels proposed in 198%

Ouher cedu oz n wthe tadle rclixie the following:

N - et "plicadle

PS =~ pr are star-d (LA NTV - 1,0 NV

TRt tTA. ET tETUGue

o0 - rp STTE LRAN S\ Of the sEples may e psitive. Tor sys:es
colleming {evar whan 0 sEples /MO, MO Fore than I\ ray be
sitive,

ser - guidace

T - large discreparies Detveeh Lifetire o Langer term A values
MEy CCTUr Deczise Of W Mgecy's crsemvative policies, esmcially
Vith regard to carciregenicity, relative source camrinnion, &
lJess than Jifeli™e €Fo8Ues AN CAaRIC wexicity testing. These
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to 1,000 v calculating a Lifetime WA,



A
_—

[

0T T T T e T T T T s T T e i T i R | - : | DUB R I
en . e v e 1 oo vousy vt | g (7 I T | {rar4p) wrogourosg
W owe . we  we wuL I owm YuoL  LOUL fag § - out 1 | {re1 L) sverspewosop o)
. - . - . b - - Fa ) - | SUSLINUUIREIOMLI)
- - I o | 1! PUINUOIS 1SOIORI0W0N]
1 : : - < I - - (TR N | sUnivyutiis ity
9 | V6 ows otk e | oo owus QU9 13 1 - - | fIewoiy)
- owe vk ov oot | oouer ooer r | o2 | - - - e Pedosdotoron) 2 sry
g - . - I - . - 1 - tzo oset 1 Sivdl svsynseongiy)oruey
T - - - t - . P -1 - . p | Qivd) susylsediyy tjorueg
| il - : = . L A ol 117 bivdl sRjRssaoieg —
_ gl - . . . i - - I - 12 omz Al $ivd) susitdislorvey
| v | o - - . [ oz e Il 4 1 ¢ om 4 | suetueg
@ 1 - - . . - I - - I - lo one 11 S ivdl suesdenpue(s)iveg
o | vz w6 s LT | oo we  oue M4 1 - - - | Uorepey)
o c ouli ¥ oui | I T ur or I | - =1 UobAE()
2 1 - [ we s owz | os I ol 1 2 | ¢ 4 4 1 snreny
o 1 - . - we - I . - I - 31 Gival susdenpuy
a - oWz owe wsZ w0 | ooouz ovowz vz f o4 | - - | SIWENE WOy
o | - 09 o ¢ oo | oue vwg wwe ) 3 | - - vArmwry
W 1% = 80 wov 60 I'co i ©o a1 - ~ Upigiy
g 1 - 0l or € v I o ol (] 141 o o I | S{RRONIS qAINRY
a | vy wZ 09 we | ou w w 2 1 o or 4} SUONW Gredmpy
u | us or Ct ot T o o) 2 1 w ol d | ey
m ) ooy oy 0 I 00l Wb N L - ot 4 | onpey
31 ws VE WL | I . - I 1 s o 1 FAmgAlp] Tawtiy
w oy Y ’ (I w oz la | - - 7! ooy
za s L Zu ut !l we e owst o4 ) o oMt d | spyeoy
w )l oy - vy € oor .l ol owz vwz | og | - - - vepormOY
{ -1 | I - 9 SONivullo
} ") | | |
| 17 wnj | ! | '
| Poowedy il Uil fepfnfiel yiol | gl yd Vil iy | W iy gl Bey f sEAWN|)
| ol 0t W oewry LM R s | wy Acpuug Aep eug lams! 1o VI Umaat sl
,ﬁ moxret yud . sl 1| -solivnr ) . : | [ . i
_ | v Gl ! i) Gy gi | | |
- CRRSIN Y YR T T g
- Vel vGal AN

L SRR R AN (S T BRISINING



f

TR | (TP o ¢ oui [T ut: TR a1 1 sopikdingi)
g | o oL o2 ovor | wouz ez oons 1 a2 | - 14 -d susmopon)
o | Wl oW oz oy 1 oowz oz ooz | g | - 11 “0 SUNIOIILND
29 | os) - e, P oue wZ e I | . - RUOIRNOION|?)
- . - V- - I - t . L wWedorop|)
] | : . ] - S| o RSO IepRe
Mapews peydosops) o
a ) - or oz s ooz | oS (T oS fa l - . . T {2) uveydosopr)
a | - ve W os | e e uc la | . - 1 | (-»'2) pveydoson)
| ot - - - - I - . - lao | - . . 1 | (9'v'2) roueydoron)
-0 - - I - . 1a | - . . A | SUSIOWOION)
d 17009 0i I—= : o1 : (7 7] S N | il Wiojoioni)
-1 - - . . - - . - o | - . - L SURYIROINI)
2 | b 0oL o0z ooz | oul oowe owr |l a Y - . ot 1 | (et sumpewowosyposopin
- - - . - I - - - lao t - . - 7 ! L L]
L - . la | - - 1 PR SpIORT)
T - : : : [ — : : o 11— : : 1 SR
28 ) ¢ Z sho S0 | so (T w I s | z ot - d | suepont)
S . - - r - - - lao ) - I SN
- - - - . | - - - lo 1 - . - a B | SupTION)
o | W ws <) ws | ooz oo ooz | g | - - - - | L L T
T | vy ] Z g | 7Y vt wed 1Ta ) - . i SRiph | ity
o | - we ovur vl vour 1 goul ool ouos I3 1 - . . - whogie)
e | we - o 20 we | o wZ owr | 3 | g onr - 4 SINORPNNeL Uepe)
3 | - or wZ s we | gs us us I 4 ) o or - d | vemjonge)
g | L oour o3 wol F oovor wol ool I T - . - e
1 - - : : 1= : : a1 : . =i Vel SUB TS AN
- | N " la V- - . - 1 389 N IUegArgy
- - - - . I - - - lao 1 - . . < & stmaueyArig
o | 0SE  ouZ  OS owor | wwot owZ ovwz | 4 | - . . N oring -
9 1 - - . w2z |- - - P -1 . . 11 (J0g) erepunid Kruey piry
I winj | _ i |
(onmy il VOl fepfligGel ytf | gl il vikl | v | W) i) el kg | SROMY)
dwml, ot m o euRrl M am e | usn Arpuag Apoug e TN DION UNWGEIN g
o)l yudd -solluw |} -soliou | | i |
| vy Uy of ! imi bsol | | {
_ - CAWSAY Vo SPRGRRYG
gy . GGl I



; - - I~ - T - - T 27 suedoilohonind
- - - - . I - - . la | - . . T (€'1) suedordonpng
2w | o9 - - | 0u 11401 s owr - d | (2'3) svedonforonng
S - - . . | - - . la | - - - - {:4°1)) suedoniompy)
! e - oz 09 - V- vz oot | o4 | s oz - 1 SUBLUOWOIONN)
L A L L ™ S I Rt Sy Sy R C1 1T SUSMBRORRPIO
2z | oor . . - wez | e wr ool 1 4 1 9 oms - 4 1 { Z°1) sueyreonin
- - - . . - - . . la 1 - - . 1| (-1°1) svepeospiw)
a | - oot oows oz oot | o ovowr voour | o3 | - - . - SUBPIOWOINNPOION )
o 1 - WY LU 6Y oo | wvooi oo owos | 3 | o9 wo - 4 | W0 SUSTUSIBIORDN])
LR $i ook 0ol ook 1T oouol voudl ool 1A T SE s - 41 -0 SUS RSP ORDIO
9 | - - e . Po- - . lao | - - . 1 SRRIDINITIORIN
o I - c [T ooz | wos  ovous oows 1o I - . . 11 PIY NSISOIRPK)
- - . . I - . . la | - - . v opMISpIeININ00NING
o 1 - oz ool oc wut | e e oo a1 - - . 1 | squesny)
T T T I I A R VIO S Ve
o | - - - - . I - . - lao | - . - L SUSHIOWOWOR N
wloe - - - - s we |3 1zo omx - ¢ | (4900) suedoniooppowonyg
- b - - - . I - - . la | - - - 1 SNUIOWISTWORN]
w1 - . . - - . . I - leo olr - 1 | {ivd) suerenyefye) e
E I Vo & W (172 v wé N T : - | Udaien]
a | - 0r 09 0z ows | vz wwZz wowez | 4 | vl o - 4 | ( 2°1-suen) susthipeoroping
a I - oL wr Ut ot | ovose oot wmer | g | o2 ue - Jd | (Z'1-512) susyapeoiop g
g - wZ s W vwe | u woe o | 4 | we we - L voderey
o | or ooz s bwovZ | oous  ooooe vowee H g 1 - - . - beueq) vaou
a I - oi wr vl wor ol wE™ i~ 1 17l ol wl Jd 1 e
- - - - - o - . lao | - - -1 -d suewh)
- - - . - . I - . - ba | - . . L spopy) veloveds
a | - o1 oL z oL | oz wi  wl 14 1 - . . 1 ourevel)
ew | - - - . |- . . I - Tzo olor - - U tvd) suesiny)
17wl | | i I
Iwnmey il U Acpigel w0l |yt il v Lovie |t @A) g Oy | SEIR)
doml ot m ewsg] LG g ool | owey Acpuel Arpeug | smns) iOn D IO WO sues)
)l Yl g | -slivu ) | | |
| wipV Gy | o~ | | |
oY ijiES) ) Spiireii;
L obe

OGGT Y



Ape? 1990 - ‘ Fano 4
Ciantlarsla ! - 11onhh Arhvisrying
| | —_104q Cii 1 T0 ke Achily "B
J | ] L anggae- [ nnger- #or  |Cancer
[Slabus NPDWR MCIO WUCL |Stas) Oanday Yondy tem | lenm WD DWEL [Nctime o 104|Group
Chemicaly ":3_,. UM M QoM | vAc | e POA | poA pphaiiay ppA ppA Cancer|
- 1]
Dichiovopropens (1,1) 1 L - _- 0 " . . . " . . - - —.ﬂ. “ -
Dichioropeopena {1, ) | L -] F} ™ n 0 o 03 10 . 20 ) B2
Diokirkn | L - ) F 0SS 0S ns | 2 nos 2 . 02| N2
Disihyl phthelate (DEP} 1 T . - | 0y . f. - onn - . -1 O
- Meiylexy] ptihatate (DEHP) [ | Jor0 19 . - - . 20 . = 300__) B2
Diisopropyl meihyiphosphonste | - . - | F | eno 8000  moo § 30000 0 D000 600 -1 D
Dimaitwin - . . b F L 10000 10000 0000 ) 40000 300 10000 2000 | D
Dimeihyl mattwiphosphonste V- - I Dy . - | . - . I
Dimethyl pintiate (DMF) } L - (I | - | . i O
— 1.3 Diphrabentene - . . o) - S | - [ -
Dintrololuene (2,4) | L . . L | - - - 1 -
2.4.72.0 Dinkrotokrene ! - - - (L . - ) - | -
Dinoseh A . 7 T Lo 00 am 1 | 40 ' 40 4 -} D
Dioxene p- | - { £ 1 4000 400 - 1 - - Mo ) B2
- Diphenamid 1 : L_E_{ __dn__ oon N _ L1000 __ 30 100 200 - 1_D
Dlepont | T 20 20 | - | . - 22 - . ] D
Disidoton I - - | F | fo 10 3 9 004 03 ] €
1.4 Dihlane 1 - . 1 - . - . . . - ! -
Dhwon | - . | F | toon o M | o 2 70 10 } 0
.. Erulothell X Joo__0a_y F_ ) o0 ___ 0o 20__|___20m 20700 __ o0 [
T | T 02 2 2 | F | 20 20 3 0 3 9 2 - § D
F pictiorotwrin { P o TY | F | 100 ton m ) 70 2 70 - 400 ) _B2
Etyiheniens | P 00 700 | F | DNOOD 3000 1000 | 3000 100 3J000 700 -1 D
¥ thylane utwomkle (FNB) | P 180 005 F | n " { - - . - 004 B2
.. Eliyinne iycol - J_F_1__20000__60O00___ 80NN __| 20000 2000 40000 7000 - 1D
En . | L i F 00 00 100 | 400 003 | . 20 | B2
 mamiphos [ - i F 9 9 5 | 20 025 9 2 -] O
fhnmehwon | - | F ) 2000 2000 2000 | S000 13 4w 20 | 0
Fluorsne (AL | ¥ | - i . 40 - { D
—[rorabichingomethane - I_F_J__7000__7000__ 3000 __| 12000 300 _ {0000 2000 P L




o | BET b &2 (T R T w09 —ulod T 14 L Uitinuion
9 | i oous osk o | owwwz owe ovwz | o4 | | . Jopasopy
a | or wZ 9 owee | ous vwe owe | g | LI T | ey g ve) Aoy
g | - z e SZo ous i w oo ouwe I a1 | -} voppesed shpepy
a | - wz_ o0 sz o | v oo ool | g | - - - - | suosey thpe hipery
a1~ - voF 0002 0% [T777+ 2 T o 00l I d 1T owr ok ool d 1 Topdkaoyiel
o | wZ e Sz we | oo (TTATT ™ 1 4 1 . . - 1 Hwoyiery
a | " h Y | oud ! o (1T T | I 1 . | vdon
g | vuar O o0 wosz | wous opoous vesotr | o3 | - | opjreIphy mejeyy
L wZ_ oe 02 ow | oz wz oz 1o | - I voppiejery
3 F ¢ FAN ol to ("N I w Wi~ LU} I3 1I'Zo FAT ’ d -1 sbepla|
- f - - . - I - - la . i suezveyidunius)
- 0 - - . - I - . -1 . | spuoydsoydiiagieus doxios
O | o8 oot o002 002 ooost | ouost ooust oousy ) g | . 11 ouoioos)
g | - - .. - - I - - il o lro onr A1 Givd) suesidi{p'a- g2 Jovepuy
CIE - : - - = - 1 - i P8 EnoloiodN [
- 1 - . - - . t - - - I - 1 - 1 1 eNIop20dA)y
a | wrF L 9 oouuz | owus  wws  ouos I a3 | - Vg
g | - o oo OC owws | ovoe owe owe | g | - auOUjTERE) |
a 1 - - - - ool | ooy wour wwous | g ) - : - | (v) susreyy
[ I - we 1 - - - - 1o oy I sueEiisdolvIGRPeRe) |~
2 | os ' o .z our | ol o ooe I 3 | . - SUSPEMILION IERD)|
0l 2 . o s we | us vs 0s N I owr - T | SUBIVOYOION|IERD) |
24 | ro . »0 Cl0O bo | 1o - ol Il 3 lzo owr - d | opinode Joppeile)
2u_lewo - 0 so S s v | 4 lvoe owr - d | 1operdo)
g 1 - W owr ol el T 0T weus e 1T Wl o6l 1 SwsoNdAY
1 - tewereyg - - - - . g | - . - sugoses)
g 00 0005 o0s) woouz | oous ws oowos | g - | sphyepiew
g | 0} oL Z oL | o 0 vz (IR I $0jou0 4
e . . - . - - - l ¢ 1 | a0 Goy
1wl | i | I
lsamy v VU depigel WO | il Ul Wi vt | W) ) i) Doy | SNy
ol ot W eusep) Mg G weoy | uuoy Acp uog hepoug lamas] M O ION UWMOWN Bweig]
samy| ikl <sulhau i 2ok | | |
| iy Uy ol | i byoi— | } |
e SOLUSIY L) § T EjiRjANIG
B wad VGGl akay



I T T S 1Y A T QT T T T 7T TR T'T 1 V.S T TS A N R R I L111) eusigwolofisehe |
o i eu s cio S [ g 9 I I ' | sopw)ie)
3 | 00 oor €} we | ooc vt oUg Il 4 1 - - [ nege)
o ! s oz oL woz | ouw oove ovwe 1 3 | - - | . uoEyNIgey
za ) soe sulr wo3l sodr | sl o 00 |4 luhw virg owe 11 {umo10) guoL wL'CE
a1 ol [T Y VoI~ 1T ow o 0ue I I : L 152
oral ¢ eesmw oo w2z oz | oowz wwz ovwz | 1 loows ooyt d | sueIyg
2 | ’ 09 z w | s s wus 4 1 ' 1| sujeung
2 | oc F Wl € or | oul o Oul b4 0 - - ) Xt
o | - . oc . | - - I -t - - 1| (1iva) eueidy
) - . - - | - - o) - = Aleudiueighloy,| ~
a | 00, o009 o2 ooouZ | ows oous os | 4 | - | wetlosy
2. | o4 oL oz owz | ouy T TTR T | (I I | - | supredos g
g | 00 wIl 8 es | e ws  ous I a2 | - | soppedoiy
2 | 09 owe  sg ose | 8._ T I T I T T | oppru0 g
a - g ous sl ous™ I & wéE e 41 - S | bGiiioi
29 |lso - - ’ | _ - - l 4 Iso . ower d | (saDd) spoveydiq peuponioy
o | - vos oz or ooz | ooz wowz voowz | 9 ) ws  we 11 w1042y,
a | Qur oz w9 ooz | vue ooy o g ) - . -1 T oue
- - . - I - . (I | - T (v} evenyueuey,
azel ouelo T TS [T TTT S T (1T TT'T] S R R 771V (A TTTF] 1) d 1 USSR RIS §
B i * * - 1 - " . l a | - - SUBLINGIONIRING ¢
3 | o 0wz S¥ 0wz | os wi o} P4 0 - | wenbeiny
< . - | - - . I 3 spnpord-Aq swoi
3 ) wZ w6 sz we ) oo me 0w I 34 ) we w2 1) (21epAp) phweng)
a | wi ouor ool uooor | Sc.: ecc.: eece. N T I A O | supientloing ~
- | . : - - | 4 ) - | (21%0) UoU) esOPWeIINY,
a | WC wol or ooz | s oS ooy la | - . -} susjeynpleyy
a | 00 oL W ooz | 88 EE .__En b2 1 o 8. . I SUOTUBOION|FVLOYY
- - - - - | ta I - - O | H2e I)eIE0I0p|I0ULYY
I~ % | i | |

loowey Wil O Aepfigddd il | i i il Lavie | Wi Wy ) Uy

v
dspl ot esunop) 1IM0 i W) | ws fepueg kepoug Tsmsl ION DO UMUK SIS R
soumol vl ~salinxy )] - salnss ) | | §
| v Uy ol l e Uyoi— | i |
SRRV D] § ' SPRYARIIG
_oetmy TFANTIN)

J )



35
-} - i T - ; 1 PIORIT oz
g | 00Ul GULOP 0002 000Ul | wuour ouwr vovor | 4 | 88. oows - -4 | seusiiy
- . - - P - . o | - L B stvoydsoyd e
v |Ist - . ue I o owe owe | 3 | 2 ow: - 4 1 sppopp A
2 | oo T o0 so (¥, 1Y (134 (17 a3t - - - SUBINOIDINUYI L
S [ - § I~ s $ § I : =1 BlesMGoigai[—
S B . - - I - l o | - - { 9°C1) sustveggeunsy
S . - - - | - la | . - (¥'Z')) susruegiipeousyy
2 | o9 s 0z S o | o o e 3 | . 1 Upemyyg
- 1 - or vz 9 owz | oue T T I 4 1 . - ( ©'Z'1) suedosdoopany
T - = == T - ! 11 susdoidoiopini [~
20 ) ovoe - ooc ¢ i - I 3 | ¢ ot P | osueiAijiecon iy
N - - - . I - I - - T (Z2'2°2) wumpevioppy
2 | oe c oo v wos | oue wr  we l 2 | 9 c 1 1 (2'1°1) susyimoopoyy
a 1 - oz w0l 06 00000l | ooy ovvor ooy b o4 1 oz w2 F | (1°1"1) suepsoropgony
u = or we wiZ— |~ ous s e I | - | (9°CI) suuivequioniiil ™
a | ] vs ) ws | ol Wi vl 1 a2 | @ (] 11 (»'2'1) susrveyomoppayy,
- - . - . | - - !a | - B SUINUOICOIOYNIY
2 | 00Z ©v0ol ouc  00000) | wooe oupwe oo | g | . 3 | PR® Jpedeclon g
- - - - . | . [ | . | SURLO0I0MYI)
T2 oopg-2'y s
a 1 - us e s g T ol v e M3 I e (T3 oi d | FIEX Y
2wl ¢ . S¢ oo - P oy ous Il 4 1 s om: 3 g | ouader )
o | - 88 00w ooc wool | ooe voe wewz | 4 | ooz ooz d 1 suUIo |
20 | o oS e- ows | o0 GOUZ L I 4 1 g uler - d. | sugliyieoioneie
L . . I - . lo | . 1 (2'2°1"1) sueywovionrensy
T ™ | i | ]
bwovey vl Wi Aepfinlied w0 | O il W ovit | W) k) g By | SRR
ol ot W oewon) M o wwor | war Apusy r.:...c loweis] lon LIV LGN D)
amyl Y st pf -solivw) } | |
| Wiy Gy o | 1D Uy 0 | | |
_ SHRSAIY L) PRGNS
N .

ol Y



r

: : T it B : - L 4
g | . . . . i - . ta | - - . 1 UNpRUEA
.- ye T o vz 1 1 ¢ L lu | we 9o - L1 wewenL
- - - - - - ) - - - 1 - 1 ovovor voovor - 1 oreis
v | 000s) vovos ousz ooowo | wwosz ovssz wwse | a1 - . - 1| UNNRIONS
S : oo s OUOUE : |—= - - s : Tl WAWoH
o ! - Wl e S owz | owe oz 0w la | - . os 1 | oS
T : ) . - | - - . !l - 1os o9 o o | e
N - - - - Io- . . | - { owot ovoos - ' 4 | SUIN + "N
o | - . - - . I - oo - b 3 1 ooor ovos - d | (N se) oweny
TS : - : : ] T T 1737V oovod ool ovool d - 1 Wty simin
T (1T I 7 B > we | oot ouul 0003 Il 4t o8 o - 1| N
o 1 - - . - - b - - - fa V - - - T wuepaAYy
v | - 2z v Co z b - - - I3 1 2 z z d |  Amvsepy
- - - - - - |- - - -1 - - - | ssovsluery
T - - - - - I - - - 1" i okl 09 d | el W) pee)
g 1 - . . - - | - - - I - 1 9 owzr - d | (e200 W) pee
-l - - - 0 - [ - . . I - | ooor ocoorvzey 4 1 eppomy
a | - 00z we 2z ove I ove e o I 4 1 ooz o0z - T | spueiy
g | - . - - - v - - - I - | voey. ouey - 4 | reddo)
I i wE s o 1T we ool 0ol 14 1" o0 wi- o8 471 BEON LingiioR))
9 | - 9 Uz so 0z ! s or o a1t ¢ s w a | wppe)
o | - 00 oo Vo oo | ovo owz oz | ag 1 - . - 1 | vorg
2y V1o - owe 9 w2 V oour ooeog ooe L a Vo oy - 11 wnglreg
9 | - oS - - oovs | ovos wews oos b o4 ! ovo9 wwws o008 o | Unyeg)
S : : - : 17 : : I 1T w3 WAl - a1 WAQI < Venal woitedsy
v | ¢ - . 1 - 1 - - - la 1| - ot 09 1 Nuesry
a | - C Sk ro S I s Si S) Pa o osmo¢ - 1) Avounpry
I - oowe - - - I - - - lag | - . - I LT
- - - - - - - - la | - . - Wiy

| | | | |

I | [ [ i SINvVOUON

\ { | \ i

s | | | i

Ioovey Vil i Aepfiyel yid | il il vl v ) WOy W) @Akl Ouy | SR
down)l 01 W ewnkgl LMO ol wn | wn Aepuag Apoug [aws) IO DO EWOEN segl

mJl it -sobluo g -sluu S | |

1 WiV 6 of I (T LT S S | o
RSN NED] § YL
i g TP LU



)y )

Viod i -

vl 1 11 oini s i Uawimiigg
v {wviodous - J | “ owe - 1 " 2oz Vope
v luodee - | | oz wyldg 3 Loz wewey
v | - . | | | oz pdsy 1 " >._.2.a¢-.u..!_!..f..e.c
v Awenuy - ) | | oz sens | SOPENIWONIS) SPOW-twud
Arousog) Agerre
uoyoyd pus spwed seg
S301 DOV
‘ : NINS
§1 701 sGersna sny1desu0d Aep-omy orj) ‘1N § S| 1Py sleswas Anpniows oy Auyny 20y SPHNON emeseyL  LALNY9 PUs |,
‘Ansuop WMo Yo pose B oY YOKY ophwes o e, e e ellvieae Apiow "Mp = sy Jo sedly
UM oSy Yuow ed pePeRud cophaes o JequUN PUS ‘CUNUA SRS PO PN [EIPANUE U0 PESEL SOPEA TN ey
OFL uopopysy 101eMHnN0I0 10 vogepiGes 1) poropisuwd Guwey use eem eoeje Guysie sweisis so0f ey
. ry
‘Poiere Asnopant ce pevgep ‘4 °LL ‘6d ]
I | I - ¥ 1i ol - 4 1 SOSIAA
| i I SMUNSSIVN sk 3 | wencrzy wye) Awnging
| | } -1 - VN sed 4 | G18/1/s wropeq) Agpany -
| i | I o omt sed 4 | - (06/ic/2y ewe) womod rwj
I ] =T somh il [T N Wgtiisp Uo petvqg
e i) womod mwo)
| t - 1 a2 wn 4 wnoo ewyd prepueig
| [ )l 4 0 m omx - g | speucyle)
I | -1 oe - 4 | Qe epey
“ I | “ - . 1 " wppodsoidien
| |
" _ R | NIGRRLGHV 100 W0R0E
! !
WS | | | |
Iomd v v Acpgel W | G gl O/ | ovin | i) Oy i) Doy | SUIPIY)
drgl 01 @ oun) LW O uy | own Apuw) Apevg Teweis] 10 oon U0 sweig |
syl Yyl L -sotinnr || -solluwr Lo | |
1 Wy b i L i) Moi | J !
o SHSNIY Vol SRS .
G W UGl Y




( (
MICRONIOLOGY
" .
Slahys NIPOWR__McLa MCL
~ Cryploaporidhm L .' - .- .
Glardlia jlambiia F - re00, W
Leglonella F - 7010 111
Standard Plate Count e : NA 0
Tolsk Collorms (Current) F yes NA varlos
Tolal Colorms (ehes $12/31/90) F - 7010 ae
Turbidity (belose 1/1/91) F yos NA 1 and 5 NTU
Tusbidity (aher l?IMIBO.) F - NA S
Viruses F* - 76/0 L




HULONUALY faanititim CONIAMINANS V1) 3

Aed_1090 © __Page 10
6MCt s

Chamicals Ao Sty {man

Aumimm | P ] 0051002

Chiosida I F i 250 .

Color | F | 15 color units

Coppor | F oo L

Corroshity I F | non-corrosve

Dichiosobenzens -0 i P ! 0.04

Dichiorobenzene -p [ r I 0005

Elhyibenzane [ P } 0.03

Fhuaikie 1 F [ 2

Eoaming Agents I | 0.5

| lexachiorocyclopentaciene | ! 0.000

kon | F | 03

Manganese { F { 0.05

QOdog I F___ 13 thyashold odaor pumbera

Pentachiorophancl { P [ 0.0}

pit | F [ 65 - 85

Siver | P 0.09

aullale —F 1 250 .

Tolsene L 0.04

Yolal Dissolved Sollds (TD) | F i 500

Xylene | r | 0.02

e ! N 3

* Status Codes: P - proposed, F - final
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3701-28

3745-1-05(A)
3745-1-05(8)

3745-3-04
3745-3

3745-15=-07

3745-15-06

3745~17=0%5
3745-17-07

3745-17-08
3745-17-09
3745-17-10

3745-17-11

REGTLATICNS

Rules providing standazds, procedures, plan
approval, abanderent of private watar
syszezs.

Antidegradation policy for suzface wvater,

The most stringent statutory and requlatory
controls for vaste traatuent shall be
rogui:od by the Directer to be employed for
all new and existing point sources.

Prohibited dischazges to a POIV.

Chapter establishes pre-trestaent
standards, cestrictions, reporting, ete.,
fer dishcarges to a POIW. 7

Prohibition of alir pellution nuisance, re¢:
escape of smcke, ashes, dust, dizt, grize,
acids, funes, gasses, vapors, odcrs, or any
other substances or conkinations of
substances.

Malfunction of eguipment, screduled
malintanancs, reporiing.

Ron-degradation pelicy - prohibics
significant and avoidable deterioration of

alr qQualicy.

Contzel of visible pazticulate enissicns
fron stationary sousces. No discharges
allowed over I0V opacicy.

Restriction of ealssion of fugitive duste.

Restrictions on particulate etissions fre=
incinezators.

Restrictions on particulate erissions frem
fuel burning equipzents.

Restriction on particulate emissions fronm:
industzial processas.

-
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3745~-110

3745=19

374%=-21-03
3745-21=07
3745-21-08
3745-21=-09
3745-23-04
3745-23-06

3745-25-03

3745-27

Sulfur dioxide Tegulations.

Open burning standards; requiresents for
notification to, ard permissicn frzm=, ORlco
EPA.

Nen-degradation pélicy: carbon morncxide,
otone, aon-zethane hydrocarbons.

conzzel of enissicns of organic nazerials
{roz staticnary socurces (includes a EBAT

requizazent). _
Control of cardon monoxide emissions.

control of ezissions of volatile organic
compounds froa stationary sources.

Nen-degradation policy (exissicns of
nitrogen dicxides to the atmosphere).

Conerol of nitrogen oxides ezlssicons frem
StATiORAZY SOuLTCeS.

Ewlissien Control Actlion Progranms:
prezaraction for alr pollution alerts,
warnings, and ecezgsncles.

Solid waste disposal regulations. Neote:
attached find a copy of portions ©f the nevw
solid waste regulations under QAL 3745-27
created by House Bill $92. The revised OAC
374527 regulations are only proposed at
this point and should be treated as TBC (o
be corsidered) regquirezents.

These regqulations are expected to beccaze
f£inal {n OCctober, 198%, and will ther be
official MUN's. While all of the nev
regulations in QAL 3745-37 will be ARAR’S
wvhen firalized, the reguiations which will
be especially ixportant to ths size
includes

1. 3748%.27=-10 Ground Water Monlitoring
Progran.

2. 3748-37-11 Pinal Closure of Sanitary
Landfil)l Facilictles.

“«} e



QAL 3745-31-02

CAL 3745-131-05

QAC 3748-32-02

QAL 3745-32-03

QAZ 3745-33
QAL 3745-38
QAL 3745-36
QAL 3745-9

QAC 3745-57-01

4+
Y., 37452714 Pesc-Closuze Care of
Sanitary lLancflil]l Fecilities.

The solid waste landiil] siting criteria as
stated in OAL 3742-27-08(B)(I) apply only
tO new landfills created elther on-site or
cff-site. '

No perscn shall cause, pemuit, or allow the
installation of & nev soyrce of alz
pollution or & nev disposal systea....

Criteczia for decision by the Direcrer.
(Plans must demenstrate beast available
technolegy, and shall net prevent or
intezfeze with the attainment or
paintenance of applicable axbient water
quallity standazds oz amdient air qQualicsy

standaxds).,

Section 401 Water Quality Certificacsicen
required fos any lizensed activizies which
may result in any cischazge to wvaters of

the State.

Critezia for declsicr by the Directer fc:
lssuing Sestion 401 wWater Quality
Cextificazions.

Ohlic NPOES permits for discharges of
pellutants to waters of the Stats.

ALz pernivs t0 operite and variances.

Pazzlt requizesents for dischazges to non-
cazgeted POTWs. (Where a local sutherized
pre-treataent prograa is not in place.)

Water wvell standazds for new wells (ntended
foz human consuaptien,

Hasardous wastes Invisonmental Performarnce
Standards. Rule deals with leocatien,
design, construction, cperation,
maintenance, and closure of landfills,
wvaste piles, surfice L=poundments, and
undezground injecticn wells.

- 4 =



QAC 3745-50-48

QAL 3745-50-62
QAL J745-32

QAL 3745-53

QAL 3745-54-10
thru =18

QAL 3745-54-18
CALC 1745-54-30
thru «37

QAL 3745-54=50
thzu =56

QAL 3745-54-70
thry =77

QAL J7485-54-90
thra -99
QAZ 3745-53-01

QAL 3745-55=02

QAL 3745-5%-10
thru =29

QAL 3745-55=-40
thru =51

QAL 3745-55=70
thru =78

QAL 3745-5€6-50
thra =60

Regquirenents for recerding and reporiing of
menlscring results.

Trial burm. .

Genezater standards for hazardous waste
which ls generated elsler cn-site or off.

slte.

Transporter standards for hazardous waste
shipped cff-sita.

Genezal facility standards (permlitted
facilitlies),

Locaticn standards (selsmic and flood plain
considezations).

Pragaredness and prevenction.

Contingency plan and execgency proceduces.

Manlfes: systez, reccxdkeeping, and
Teporsting.

Ground Water Protection (including ground
water protection standard, peint of
conpliance, monitezring progran).

bl

Cozrective Action progra= for ground water
protection.

Recordkeeping and reporting.

Closure and post-closure - new facilicy
standazds.

Pinansial regquizanents for closure,
post-closure, liabilicy.

Use and managezent of contalners.

Waste pilles: deaign and operating
requiresents.

-s-



CQAS 3745-55-90
thru 991

QAL 3745-56-20
thxu =M

QAL 3745-56-50
thry -60

QAL 3745-57=01
thru =318

QAL 3745-57-40
thru =51

3745-58
3748-66-11
3745-66-12
3745-66-13
3745-66-14

3745-£66-15%
3745-66-16

3745-66-17
3745-66-18
3745-65-19
6 3745-66-20

R ER BEBEBEE

QAL J745-67-28

QAL 3745-67-58

Design and cperation ¢¢f tanks.
Desism and cparatizn of suzface

ispoundments.
Design and operation of waste piles.

Landfills.

Incinezators.

Recycladle materials.

Closure performance s:tandarxd,

Clesure plan) Arendzent of Plan. ~
Time alleved for closure. )
Dispesal or decontasiration of eguip=ent,
structuTes, and soils.
Ceztiflication ©f closure.
Survey plat - subnictal to local zening
suthority.
Post-closuze caze and use of property.
Post-closure Plan; Azendment of Plan.

~

Posteclosure notices.

Cerzification of cozpleticon of post-closuce
caze.

Surface impoundaent closure and poste-
closare care (néte: =must also Aset
performance standard )743-66-11).

Waste pile closure and post-closuse care
(note:r ®must 4150 meet performance standazd

3748<86-11).



QAL 3745-67-80
CAL 3745~-68-10

QAL J745-68-52
QAC 3745-69-04

CAC 1301-22

QAL 3745-81-01
thru 58

QAC 3745-82

Land treatment unlit cleosure and post-
closure (note: 2USt alsc meet pericrrmance
standard 3745-66-11).

Landf{ll closure And poste-closure care
note: must Also meet performance standard

7‘5“‘-11) .
Incinerator closuce.

Clesure ¢f chemical, physical, and
biological tresatzment units.

CAC rules for lssulng construction permics
{oz and making pericdic {nspections of
dang, dikes, and levees (ODNR).

Drinking water rules (Includes MCL’'s for
inorganic chenlcals, csganic chea=icals, and

tuzbidity).
Secondasy contaninant standazds.



.
- .

CRC 3734.02(P)
CRE 3734.05(D)
(6)(c—d)

GRC 3734.02(X)

CRC 3767

ORC 6111.04

6111.042

CRC 6111.45

CRC 1521.06 and
associated
promulgated
regulations

LIST OF ARAR'S PCR THZ

BUCKETYE RECLAMATION LANDPITZ,

LAWS

No person shall sicre, tIeat, cor dispose of
hazazdous waste....

The hazardeous waste facllity board shall
=ct approve an applicaticon for a hazardeous
waste facllity installation and operation

serait....

No peTson shall engage in £L1lling, grading,
axcavating, building, drilling, or mining
cn lasd where a hasardeus waste facility,
ez a sclid waste facility, was operazed
without prior svthorization frcz the

Dizecior.

visances: prohibition against nexious-
exralaticns or srells, obstrictions or
pellution of watex couzses, cther
reisances.

Act of pellution prehibiced; exceptions,
(Poliution of waters of the Stats,
inecluding surface water and ground water.)

Regulations requiring co=pliance wizh
naticnal effluent standaxds; other effluens
standaxds may be eszadlished on a case by
case dasis (discharge of pollutants 4into

waters ¢ the $tae).

Afpzoval of flans fer dispesal of waste;
plan approval by Dizecsior required for:
any facility which preduces, trests, oI
disposes ¢f industrial waste or matesially
increases ¢:- changes (n character any
industrial waste, or installs for the
seatzent or dispossl ¢of such waste.

Ko dan, dike, or levee can be constructes
in a wvatercourse unless a constructien
pezalit has been issued Dy the Chlef of
Division of Watar.



SUBJECT: Buckeye Raclamation Landfill ARARs

DATE: June 20, 1990

-

Ohio EPA proculgated additicnal regulations pertaining to solidg
waste landfills on February 12, 1990 (effective March 1, 1990).
Conssgquently, the ARARs list provided to BRLSC and incorporated
By ME in the Revised FS asust be updated, Although this issue
will be Fforaally raised by Ohico BPA in the comeents to the
Revisad FS, Abby Lavelle and I decided to send you the new solid
mastes ARARS at this tioe to provide you with an eerly start on
any changes that eay ba needed in the Revised F3S. Pleass
incerporate the attached addendua to the ariginal ARARs list to
bring Chio EPA‘s ARARs up-to—date. Do not hesitate to contact oe
At MA=2924 i+ you Mave any quastions.



APPENDIX B

DETAILED COST ESTIMATES FOR EACH REMEDIAL ALTERNATIVE
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APPENDIX B
A-1 INTRODUCTION

An important step in evaluating different remedial alternatives during a feasibiiity
study is comparing the costs of the various alternatives. To make this companson.
detailed cost estmates are needed tor each option that is required for an alternative. This
section discusses the methodology used to estimate the alternative costs for the BRL
feasibility study and also presents detailed cost estimates for each alternative.

A-2. METHODOLOGY

For each alternative. estimates were obtaineg for all capital costs and all annual

operating and mainterance costs (O&M costs) for that alternative. A determination of the ~

total operating and maintenance costs for the duration of the remedial project was aiso
made. The sum of the total capital costs ang the total O&M costs for 30 years. discounted
to a base year andg expressed as present worth, represents as the total cost of each
remedial alternative. The methods used !0 obtain each type of cost are presented in the
sections that toilow.

A.-2.1. Detailed ital Co

Capial costs consist of direct and indirect costs incurred during remediation. Direct
costs are prnmarily construction costs and include any matenals, labor. buildings and
services. and disposal costs related to construction or one-time remedial options (such as
excavation and stabilization of soils. which would only be done once). Direct capital costs
were determined by finding a unit cost for each required item and caiculating the total
direct cost for the required number of units. (For example, a unit price for instalhing one ~
cubic yard of ciay in a muiti-layer cap was obtained and the cost for the total volume of
clay required tor the cap was calculated.)

Indirect capital costs consist of those costs not directly related to construction or
implementation of a remedial option. These costs include the price of engineering services
and allowances for contingencies and cost escalation (C&E) to cover unforseen
occurrences and escaiation in the costs for iabor, materials, and equipment prior to or
during remediation, In the BRL cost estimates, engineering costs were assumed to be
10% of direct capital costs and C&E costs were assumed to be 15% of direct costs.

(Source. Handbook Remedial Action at Waste Disposal Sites, U.S. EPA, October 1985).

8322497 007 B_S<EvE TS _NE_§a$



In the detailed capital cost estimates for this feasibibty study. aggit:onal costs were
also inciuded for any material costs or decreases in productivity due to requirements for
adcitional health and safety protection (e.qg.. costs of working in Leve! B, Level C. or
Level D personal protection equipment). The following multipliers were applied to the total
capital costs (when no special health and safety requirements were considered) 0
determine the additional costs associategd with each level of protection (see Costs of
Remedial Actions ncontrolled Hazardous Waste Sites. Worker Heaith_and Safety
Considerations. U.S. EPA and SCS Engineers, March 1986, for more information):

Multiplier Used to Obtain

Level of Protection Additiona! Health and Safety Costs
B 1.07
C 0.8%
D 0.60

These health and safety costs were included (where applicable) in the total capital cost for
each item in each remedial alternative,

The total capital cost for each remedial alternative is the sum of the cost of all

capital items needed for that alternative. The total capital cost tor each item is the sum of
the direct, indirect. and health and safety costs for that item.

A-2.2. Detailed Operating and Maintenance Costs

The O&M costs for each alternative are the sum of the material, service, and labor
costs required to perform a long-term remedial task (such as on-site treatment of
leachates). These costs include labor costs for annual O&M of any equipment: and costs
for treatment chemicals, heating or power required by a remedial option. The O&M cosis
were determined on an annual basis for each option that requires an O&M component.

A-2.3. Present Worth Analysis

To present the total cost of each remedial alternative in a form that would allow
meaningful comparison with other alternatives, a present worth analysis was performed as
recommended in Guidance on Remedial Investigations and Feasibility Studi
CERCLA. U.S. EPA, October 1988. A present worth analysis assumes equal yearly
expenditures tor O&M during the lifetime of each remedial alternative. This total cost is
then discounted to a common base year (usually current dollars). This method allows cost
comparisons based on the amount of money that, if invested in the base year and spent
as needed. would actually be required to cover ali remedial costs over the lifetime of the
remedial achon.

6C22RPT 'L _BLCHEYE S8 _NE_S3S



For the cost estimates presented :n this study. present worth analyses were
performea for each allernative assuming discount rates (after inflation and before taxes: of
5%. The lifetime (or period of performance) of a remedial alternative was assumed 1o be
30 years (as recommended in idan n Remedial Investigations and Feasib/!lity Studies
Unger CERCLA, U.S. EPA, October 1988). All O&M costs. uniess otherwise specitied. tor
these alternatves were amortized for 30 years. For some aiternatives. however. cenain
remedial actions were assumed to be required for only 5§ years (e.Q.. leachate treatment on
site when capping is performed. which dries leachate seeps). For these actions. the
present worth analysis was performegd for only 5 years.

A-3. COST ESTIMATE SOURCES

Various sources were consulled to obtain detailed cost estimates for remedial
alternatives. These sources include vendor quotes, consiruction cost handbooks. and EPA
handbooks and guidance documents. When possible. the cost quoted by a vendor was
used for the cost of a specific option with costs from other sources used for verification
purposes only. In particular. costs from vendors located near the BRL site were pursued.
to negate any deviation from literature Costs due to the local availability or absence of
matenals or services.

A-3.1. Cost Escalation 1 ltar

All cost estimates are presented in 1990 dollars. To escalate costs for materials andg
services from a base year other than 1988 to 1990 dollars, the plant and equipment
indices regularly published in Ghemical Enqgineering m ineg {i.e., the Marshall ang Swift
Equipment Index and the Chemical Engineering Plant Cost Index) were used. To¢ escalate
1988 dollars to 1990 doliars. an inflation rate of 6.2% from 1988 to 1990 was assumed.

(Source: Means Site Work Cost Data 1999. RS Means Company, Inc.)

A-4. DETAILED COST RESULTS

The itemized. detailed cost estimates for each remedial alternative are presented in
the following tables. Each alternative should have, at a minimum, a summary table
presenting the total cost for that remedial alternative, a detailed capital cost breakdown
table, and a detailed O&M cost breakdown table.

6CZ2AP™ 31C_8.,CHEVE TS _N5_8A%
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07 MKar -

Buchkeye Reclemation Lendfill
Project No. 8022 8.2
Lost Worksheet tor RCRA CAP

Nealth §
) Subitutal Satviy Level Capitsl Primery
CAPETAL COSY 11EmMS Unik Cost Quant ity Cost ol Protection Cosis Releceiv e
Landtill Preparation )

Compaction testing- fleld density of soils $115.86 /day 00 days $104,270 None $104,270 EPA
Cut & fill enisting meterial, JOONP dozer, sherpsioot $3.38 /oy 11,031,020 «cy $37, 204,851 c $70,448,358 RS Mcans, 1990

L roll compactor, 150’ heul, 2 passes, 12* 12
fence, chain-1ink, &' high 3 barb wire, $11.15 /1 12,000 tt $133,800 None $133,800 RS Means, 1990

2* Line post @ 10%0.C., 1 5/8* top rail P
Grub stumps, remove, and burn $1,320 /uc 72 ac $95 040 None $95,040 &S Mesns, 1990
Site clearing, med trees to 12* diam., cut and chip $3,500 /ac 72 ac $252,000 Kone $2%52, 000 RS Mesns, 1090

Cap
Clay, delivered $19.00 /cy 391,653 oy 87,479 411 None 7,479 413 Verndor Guote
Clay installstion 84,27 sy W1,85% cy 1499, 919 C $944 . BBY RS Mesns, 1990
Geomewln ane $3.00 ssi 5,114,520 st 315,942 960 None $15, 942,960 Veudor Quote
Sand, delivered $18.60 Jocy V5,240 ¢y 35,430,509 None 35,416,549 Verncdor Guol e
Sarud installstion $0.80 scy 295 240 cy 1236, 192 None $234,192 RS Means, 1990
Topsoil, delivered 812.00 /cy 393,653 ¢y 4,723, 8% None 4,721,858 Vendor Quot s
lopsoil instalistion 1.7 sy 393,653 oy $o73,1467 None $673,14¢7 RS Means, 1990
Revegetat ion

wydrast ic spreading (hydroseeding, lime, 3946.90 /ac 122 o $115 522 None $115,522 EPA

fertilizer and seed)
Mulching, hay 335 3 fac 122 o $42, 131 None 2,10 EPA

woarrle y orpt

Erosion Control L Underdrain/Leachate Collection Syst.
Sand, delivered $18.41 /oy 881 cy $12,540 Mone $12,540 Verwlor Quote
Sand inststiation 30.60 /ey 681 ¢y 54% None $54% RS Means, 1990
lopsort, delivered $12.00 /cy 3,775 «y 345,300 Rone 45,300 Vendur Ouote
Secm instetiation 31,18 foy 3,179 «y 12,160 done $12, 760 RS Heans, 1990
Sutt-end fusion machine $905.00 sday 3 days 827,150 None 827,150 Vendor Quote
Erosion control, jute mesh, stapled $0.95 /sy 990,480 oy $559,126 None 359,124 LPA
tacavate earth, 3 cy pover shovel, 8 n 20 cy $3.06 /cy 15,557 «y 341,484 C $78,406 RS Mesns, 1990

cumptrailers, 2-wmile foundirip
filter fabric, polypropylene, laid in trench $1.66 /sy 9,434 sy $15,659 c $29 5% EPA
WOPE underdrain, 36", delivered 364.05 /0 9,200 It $509,260 Kone $589 260 Vendor Quote
Riprap $21.53 /ey 2,575 «y 355,440 None $55,440 RS Weans, 1990
Neachial | construction $1.020.00 /ea 2 ca 33,640 None 33,640 RS Mesns, 1990
SUBTOTAL CAPITAL COSTS s76, 3082 554 $108,081,875
OAZQC (5X) $3,719,128 $5,403 094
100AL CAPLTAL CGSIS 78,104,682 $113, 464,969




07-Mar -

Suckeye Recliemation Lendfill
Project Mo, 8022.8.2
Cost Worksheet for RCRA CAP (cont.)

Subtotal Capitat
ADJISTHENTS TO CAPITAL COSES Cost Costs
Engincering Design {10X) $7,810,148 $11, 346,497
Construction Ranagement {15X) S$1, 715 . 2%2 17,009, 745
Startup (10X) $7,810 148 10,348,497
Sonds L Permits (2.5X) $1,952, 542 $2,8% 624
Legal Fees (3X) $2,345,050 $3,403,949
Contingencies (20X) ) $15,620,33 $22,892, 9%
TOTAL ADJUSTED CAPITAL COSTS sz, .25
Present Worth Pramary
AMNUAL COSTS Unit Cost Quant ity Arnwmial Cost (30 yrs, 125X) Refecrin e
Inspection, snnual U705 tyr 10 yrs 77 8,871 ErA
Mawntenance, erosion control and drainege $210.60 /Jyr 0 yrs 25 $3,54% LA
Maintenance, grass mowing, level areas $42.18 fac-yr 122 o, J0yr 39,145 79,009 EPA
Maintenance, refertilization 3249.83 Jac-yr 122 o, 30ys 132,895 $305, 481 EPA
Moni Lor ing:
Grounduster $1,768.00 sulsed ? wl Sy +31, 680 137,159 ' Wersar
Grounduat er $1,760.00 ful/cd 14 wl, S0yr +.9, 280 SI57,%%7 Versar
Lcachates 81,760.00 ful/rd 2 sta, Syr 87,040 410,480 Versar
Leachates ) . $3,760.00 fulsid 2 sta, S0yr 7,040 $108,222 Veesar
Surface uater $1,760.00 sul/id ¥ ste, 30yr 310,560 $162, I Versar
OfN costs for & revegetated area $1,465.00 /yr 0 s 81,404 $22,502 EPA
Repairs resultling from freeze/thew or shrink/swell forces $250.060 fyr 30 yes 251 $3,54% §PA
TOTAL AMMIML COSTS $146, 043 St 818,994
Present Worth
COST SUMMARY (30 yrs, i=%)
Totel Adjusted Capital Costs $182, 104,275
lotal Annual Costs 31,818,994
101AL COS1 ESVIMATE FOR RCRA CAP $183,930, 269




07 Mar -

Sucheye Reclamation Landfill
Project No. 6022.8.2
Cost Worksheel for STANDARD LAMDFILL (AP

Nealth &
) Subtotsl Safety Level Capitael Piimary
CAFITAL COST LTEMS Unit Cost Guant ity Cost of Protection Costs Refererw e
Londfiil Preparstion )
Campaction testing- tield density of soils $115.86 /day 540 days 62,582 None 42,562 EPA
Cut & Hitl enisting saterial, JODW dorer, sheepsfoot 33.63 oy 1,310,000 cy $4,75%, 300 c 38,987,517 RS Means, 1990
£ roll compactor, 150* haul, 2 pesses, 12¥ it
fence, chain - Link, &' high 3 barb wite, SIS 2 12,000 U 3133, 800 None $133,800 RS Mcans, 1990
2" line post & 10%0.C., ) 5/8" 1op rail
Site clesring, med trees to 12 diam., cut and chip $1,500.00 /ac 37 ac $177,%00 None $129,500 RS Means, 1990
r.np stumps and remove, burn $2,200.04 /ac 37 s#1,400 None 381,400 &S Means, 19W0
Cep
Ciay, delivered, spread, compacied $19.00 /cy 280,720 ¢y %, 11}, 480 Mone $5.111, 480 Verxlor Guote
Clay installation .27 sy 280,720 cy 156,514 C 3,73, M12 RS Heans, 1990
Sand, detivered $18.40 ey 140,360 cy 12,584,589 None 32,584,589 Vendur Gheole
Sarud installslion +0.80 /cy 140,360 cy $+112,208 None $112,288 RS Means, YO
Topsoil, delivered, spresd, compacted $12.00 scy 200,720 cy $3%, 368 640 Bone 33 368,640 Vemdor Ouote
lapsoil installation S Ny 200,720 «y 400,03¢ None 400,031 RS Means, 199D
Revegetation
Hydraul ic spreading (hydioseeding, lime, $945.90 fac 87 o sa2, 380 None 42,380 EPA
fertilizer and sced)
Mulching, hay $345.34 /ac ar m $30,045 Hone 330,045 EPA
Erosion Control
Serm installstion $3.48 /¥ 5,2%0 cy $18,270 Hone $18,270 RS Reans, 1990
frosion control, jute mesh, stapled 30.95 /sy V79,080 sy 169,57 Hone $169. 57V FHA
Eacavele earth, 3 «y power shovel, 8 x 20 ¢y $3.08 /oy T,76% cy 323,761 C 4,908 RS Means, WO
dusptrailers, 2-mile roundirip
Fitver Fabric, polypropylene 31.66 /st 50,600 st A3, 996 None 383,996 EPA
Riprep $21.53 sy 2,811 cy 60,520 Hone $60,52% RS Weans, 1990
SUBTOIML CAPITAL COSIS $17,0844 848 $22,437,510
OA/OC (5X) 893,142 $1,121,876
T01AL CAPITAL COSIS $18, 760,191 $23,559, 386
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O7-mar-*

Buckeye Reclamation Lendfitl
Project No. 40272.8.2
Cost Worksheet for STANDARD LANDFILL CAP (cont.)

Subtotal Capital
ADJUSEMENTS 10 CAPIIAL COSIES Cost Cost
Engineering Design (10X) 81,876,019 $2,35%%,9%9
Construction Menagement (13X) 12,014,029 33,533,908
Startup {10X) 31,876,019 32,355,9%9
Sonds & Permits (2.5X) 24469, 005 $588, 985
tegal fees (IX) 1562 ,806 $706, 782
Cont ingencies {20X) $3,752, 038 s T 877
T101AL ADJUSTED CAPLTAL COSIS $37,012,814
Present Worth Primary
AMMUAL COSIS Unit Cost Quent ity Annust Cost {30 yrs, i=5%) Reference
Inspection, snnusl $577.0% syr 30 yrs 5717 38,871 (PA
Maintenance, crosion contrel and drainage $230.60 Jyr 30 yrs 21 $3,5%4% EPA
Maintensnce, grass mowing, level ateas 6218 Jac-yr 37 ac, 30yr 1,561 $25,089 EPA
Maintenance, grass mowing, sloped arcas $101.0% Jac-yr 50 x,ioyr 5,052 877,670 EPA
Haintenence, refertilization $269.6) Jac-yr 87 ac, 30yr 83,29 3360, 609 LPA
Monitoring:
Groundwster $4,760.00 sul/ed 9 wl,Syr 31,680 137, 159 Versar
Groundust er $1,760.00 sl /ed 4 wl, S0yr $49_ 280 $757,557 Ver sar
Leachates $1,760.00 sulfrd 2 sta, Syr £7,040 $30 480 Versar
Leachates 21, 760.00 sulfed 2 sia, J0yr 37,040 $108, 222 Vel sar
Surtace water $1,760.00 ful/id Y sta,30yr $10, 560 $162, 334 Versar
ObN costs for & revegetated ares $1,466).80 syr 30 yrs $1, 4064 $22,502 TrA
Repairs resulting from freeze/vhau or shrmllsuell forces $250.66 syr 3G yis 251 !i 545 EPA
1OTAL AMNUAL COSTS $198, 004 1 696 481

COST SUMMARY

Present Worth
(30 yes, 1=5%)

Totel Adjusted Capital Costs
fotal Annusl Costs

TOIAL COST ESTIMAVE FOR STANDARD LANDFILL

$37,812,814
$1.696. 481

$19 509,295




07 -Mar -

Buckeye Reclamation Lendfill
Project No. 6022.8.2

Cost Uorksheet for GROUNDUWATER COLLECTION (UMDERDRAIN) SYSIEM

Health &
Subtotsd Salety Level Capital Primary
CAPITAL COST ITEMS Unit Cost Quant ity Cost of Prolection Costs Reference
Sackfill earth, J00NP dozer & roller compactors, 150’ hsu $0.80 /cy 1,623 oy $1, 298 C $2,4% RS Means, 1990
8% Lite, 7 passes
Butt-end fusion machine $500.00 /day & deys 4, 000 c 7,560 Vendor Guote
Encovate earth, 3 cy power shovel, 8 x 20 ¢y dumptrailers $3.086 scy 3,208 ¢y 19,814 c $18,553 RS Mesns, 1990
2 -mile roundtrip
Filter tebric, polypropylene, laid in trench $1.646 /sy 4, 6%0 sy s, 7a [ 314,588 EPA
NOPE undecdrain, 10, delivecred 24, 3 st 1,125 ¢ 4,968 Nore 34,908 Vendor Guote
NDPE perforsted underdrain, 10%, delivered .78 /U4 4,650 i 31,527 Nonhe 838,527 vendor Guote
Sand, delivered $18.41 /oy 320 cy 15,892 Hone 15,0802 Vvendor Quote
Sand installation $0.80 scy 320 cy 3256 C $484 RS Means, 190
SUBTOTAL CAPIIAL COSTS 867,418 387,964
QA/OC (5%) $3,3Nn 4,398
TOTAL CAPITAL COSIS s70, 787 192,364
Subtatal Capitat
ADJUSTNEMTS TO CAPIIAL COSIS Cost Cost
Engineering Design (10X) $7,07¢9 19,2%
Construct 1on Managewment (15X) $10,618 $11,855
Startup (10X) $7,019 £9,236
Soruds L Permits (2.5%) 770 2,309
tegat Fees (3X) 82,124 82,111
Cont ingenc ies (20%) 34,157 $18,473
TOIAL ADJUSTED CAFITAL COSIS S48, 244
. Present dorth

ANMUAL COSES umt Cost Quant ity Anrsasl Cost (3 yrs, 1=5X)
Inspection, snnuasl w7705 fyr 30 yrs 8577 18 871
Maintenance, erosion control and drainage 3230.50 /fyr 0 yis 1231 15,545
Ol costs for a revegetated sres $1,463.80 /yr 30 yrs 81,4064 $22,502
TOVAL ANNRML COSIS 82,z 13, . M8

COST SUMMARY

Toral Adjusted Capital Costs
fotel Annual Costs

TOIAL COST ESTIMATE FOR UNDERDRAIN SYSIEN

Present Worth
(30 yrs, 1:5%)

148, 24k
$34,918

%183, 162

( C T - (




07 -Mar-

Buckeye Reclamstion Landiill
Project Wo. 6022 8.2

Cost Worksheet for LEACHATE COLLECTION (FRENCH DRAIN) SYSTENM

Nealth &
) ‘ Subtotal Safety Level Capitel Primary
CAPLTAL COSI 11EMS Unit Cost Guant ity Cost of Protection Costs Refererce
Sackfill, compacted, vibrating roller, & 12" Lilts .27 Jey 64y oy A7 £ $1,53 RS Means, 1990
Butt-end fusion sachine $500.00 /day 5 days 2,500 [ %, 125 Verwbor Quote
Filter fatwic, palypropylene, isid in trench $1.64 /sy 1,523 sy 2,528 [4 86,778 RS Means, 1990
Gravel enwelvywr, crushed bank run, screenad (.PDin. to .5 $10.7% Joy V6l «y $11 355 C $21,480 RS Means, 1999
NOPE underde arn, 4* $1.70 71t 1205 (i f 32,049 None $2,049 Vendor Ouote
NOPE perfosated underdrain, &% $1.87 /14 ot s’ None $17 Verwor Quate
Sand, delivered 318,40 scy 82% oy 315, 192 None $15,192 Vendor Guute
Sand insteilation $0.80 scy 825 oy 650 c 81,247 RS Mesns, 1990
SUBIOIAL CAPIIAL COSTS $35,128 tSi,OSd
QAJOC (5X) 31,756 82,552
100AML CAPIVAL COSTS 356,883 $53,582
Subtotal Capital
ADJUSTHENTS TO CAPLIAL COSTS Cost Cost
Engineering Design (10X) $3 008 35,158
Construc tion Nenagement (15X) $5,532 18,0Y7
Stertup (10%) s 488 £5,358
Sonds § Permits (2.%5X) 922 $t,%0
Legal Fees (3X) $1,106 $1,807
Contingencies (20X) s M7 810,718
TOTAL ADJUSIED CAPITAL COSTS 385,999
Present Worth Primary
ANNUAL COSTS nit Cost uant ity Arvwal Cost (30 yrs, i-5X) Relererve
Inspection, snnual $377.05 tyr 30 yrs 8577 s8,8N1 EPA
Maintenance, erosion control and drainege $2%0.80 fyr 30 yrs 1 731 13,545 EPA
Okt costs tor a revegetaled ares $1,481.080 /yr 10 yes 1,404 $22,50 toh
TOVAL ANMUML COSTS s$2,2 134,918

COSU SUMNARY

Present Morth
€30 yes, 1=5K)

Total Adjusted Capilal Costs
lotal Annual Cosls

TOJAL COSY ISTIMATE FOR LEACHALE COMNICEION

85,999
134,918




07 -Mar -

Suckeye Reclamstion Landfill
Project No. 6022.8.2
Cost Worhsheet for CMENICAL TREATRENY

Health L
Subtotal Salety Level Capitsi Primary
CAPITAL COST 11ENS unit Cost Quant ity Cost of Protection Costs Relerence
Aerator $2,500.00 funit b ounet 32,500 Mone 2,500 vendor Quote
Berm instal st ion $338.00 jcy 2. bhg oy 1893 672 None $891,472 RS Means, 1990
Clay, delivered $19.00 foy 1,427 «y 27,1113 None 827,113 Verdlor Quote
Clay insisllation .21 foy 1627 «y 19,812 None 31,812 A5 Neans, 1990
facavale earth, 3 cy power shovel, B x 20 cy dumpirailers 43.06 sy 17,142 ¢y 454,291 None $54,291 RS Means, W0
2 mile rouviirip

Geomenbe ane $3.60 /st 38,54 st £115%,542 Hone $115,542 Verudor Quole
Lime plant $150,000.00 /plant 1 pltamt $150,000 None $+150,000 Verudor Ouote
Lise plant butiding $35,000.00 sbldy 1 bldy 15,000 None 35, 000 Verubr Guote
Riprap $21.5) /ey Moy 97 Mone 8797 RS Means, 1990
topsoil, delivered $12.00 jy W oy 148,568 None 18,468 Verdor Ouate
topsoil instsliation $1.27 Juy W oy wors None $907 RS Mcans, 19V
SUBTOTAL CAPLTAL COS)IS 1,290,201 $1,290,201

oazac (%) 64,510 64,510

TOIAL CAPIVAL COSTS 51,556,111 $1,354, 711

Subtolal Capital
ADJUSTHENTS 10 CAPITAL COSIS Lost Lost

Engineering Design (10X) $135.470 $135,471

Construct ion Nanegement (15K) 3203 207 $203,207

Startup (10X) 135,470 $135 47

Sorvds & Permits (2.5X) $11, 808 $313,. 848

Legat fees (3X) 340,641 40, 841

Cont ingenc ies (20X) 8240, 92 270,942

1O1AL ADJUSTED CAPLTAL COSIS $2,104 342

]
}




OF-nar--

Suckeye Reclemation Lendfill
Project No. 6022.8.2

Cast Vorksheet for CHENICAL TREATMENT (cont.)

_ Present Worth Peimary
AMNMUAL COSES Unit Cost Ouantsty Arvmial Cost (3D yrs, 1:25X) Reterence

inspection, srnual $57T.05 fyr 3 yrs ¥ 7r 8,87 EPA
Maintenance, erosion control and drainage $230.60 7y 30 yes | P41 $3,54% LA
Operstional Costs:

L abor . $25.00 /hr 1,000 hrszyr 25,000 $384,513

Sludge dredging and dewatering $0.20 /qst 1. 4266 +06 yal/fyr 205,200 &, 1084 237

Sludge transporation end disposel $310,880.00 /yr W0 ys 3114, 880 % 196,375 Vendor QuoLe

Lime (hydrated, dry) $79.00 /ion T65 tonsyr 260,435 929,037
TOTAL ANMUAL COSIS SR, 323 $10,504 377

Pre . - 2 ath

COST SUMARY

(30 yi, 1-%5X%)

lotal Adjusted Capitsl Cosis
Total Arvmaal Costs

10IAL €OST ESTIMATE FOR CMEMICAL TREATMENT

H

82,174,312

$12,678,609




hl-ﬂor-

Buckeye feclamation Landfill
Project No. 6022 8.2
Cost Worksheet for WETLANDS

Health L
Subtotal Sofety Level Capital Primary
CAPILIAL COST 1TEMS Unit Cost Quantity Cost of Protection Costs Retereine
et land Construction
Cattpil installation 425,000.00 /ac 10 ac 450,000 None $450, 000 ,
Cisy, delivered $19.00 /ey 29,040 cy $591, 760 None $5%1, 760 Vendor Quote
Ciay installation 81.27 /ey 29,040 ¢y 834, 8014 None $34,881 RS Means, 1990
Dike installistion $3.48 sy .72 ¢y 12,970 Hone $12,.970 RS Means, 1990
Encavate earth, 3 cy power shovel, 8 n 20 cy campiratiers $1.08 /oy 145,200 «y shis 3012 Hone 46, 312 RS Means, 1WW0
2-wmile rounadtrip ¢
[ $5.00 st 184,080 31 2,352,240 Mone $2,352,240 vendor Guole
L imestone (Crushed) 325.00 /oy 29 040 cy $726,000 None $126,000 RS Means, 1990
Riprap £21.%3 Jcy S0 cy 81,07 None $1,0/7 RS Means, 190
Sand, delivered $18.4Y joy 29,040 ¢y $534 743 None 3554, 748 Vendor Quote
Sand instaliation $0.80 /oy 29,060 cy $23,252 None 825,232 RS Mcans, 1990
Revegetalion
Rydraud ic spreading (hydiosceding, |ime, $946.90 /ac 2 ™ $3, 810 None +1 610 tPa
fertilizer and seed)
Mulching, hay 3345 .3 /sac 2 ac 3587 None s/ (33
SUBTOTAL CAPLTAL COSTS 35,135,411 $5,133 214
oA70C (5X) 2256, 771 $256_661
T10VAL CAPITAL COSIS 35,192,181 5,389,875
Submtotal Capitsl
ADJUSTHNENTS 10 CAPITAL COSTS Coast Cost
Engineering Design (10%) 539,218 1538, 98/
Construction Nahagement (13X) 008,027 $808 481
Stertup (10X) 15319, 218 3538 90/
Borcis & Permits (2.5%) 113 _80% SV 787
Legal Fees (IX) $161, 765 $161, 698
Contingencies (20X) 31,078,436 $1,027 975
$8,6%0 74

105AL ADJUSTED CAPLTAL COSTS

‘3
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Suckeye Reclamstion Landfill
Project No. 6022.8.2
Cost Worksheet for VETLANDS (cont.)

Present Worth Primary
AgaL COSTS Unit Cost Guantily Arvwal Cost (30 yrs, 1=5%) Reterence
jnspection, annusi $577.05 /fyr 30 yrs 8577 8,87 iPA
Maintensnce, erosion control snd drainage $230.60 /fyr 30 yrs 231 $3,545 EPA
04N costs for a revegetsted sres $1,463_80 /yr 30 yrs 1 46k $22,502 EPA
TOTAL AMNUAL COSIS s2.2Nn $34 .98
Present Worth
PERIODIC COSTS Unit Cost Year (1=5%)
Cattail Revegatstion 4230, 000 5 210,630
$230,000 50 $53,222
$161,852
r ot Worth
COST SUMMARY ' 1 3]
Total Adjusted Capital Costs 18,650, 749
lotsl Annual Costs $14 918
Totel Periodic Costs $1483,852
TOTAL COST ESTIMAIE FOR WETLANDS 48,849,518
v
) [ ]
o



ADDENDUM

This addendum contains mocdifications to the following eight
sections of text and appendices C through K which, together with
this addendum, comprise the Feasibility study Report for the
Ormet Corporation Superfund Site located in Hannibal, oOhio.



I.

1.

GENERAL MODIFICATIONS
GROUNDWATER

Throughout the body o©of this report and in Section 5 of
Appendix F, this report suggests that alternate cleanup
levels (ACLs), as provided in Section 121 (d) (2) (B) (ii) of
CERCLA, may be appropriate for cleanup of the contaminated
ground water at this site. Based upon currently available
information, implementation of the alternatives in this
report to achieve cleanup levels set forth in the Safe
Drinking Water Act (MCLs and MCLGs), is practicable.
Therefore, pursuant to the NCP, ACLs are not appropriate for
this site. The preamble to the NCP provides:

"EPA interprets the CERCLA Section on ACLs not as an
entitlement, but rather as a limitation on the use of
levels in excess of standards that would otherwise be
appropriate for a site. Although the limitation refers
only to areas outside the facility boundary, EPA
maintains that the same principle holds within the -
boundary (to the edge of any waste management area left
at the site), namely that such ACLs should only be used
when active restoraticn of the ground water to MCLs or
non-zero MCLGs is not practicable.®

55 Fed. Req. 8754 (March 8, 1990)

Additionally, Section 6 of this report repeatedly states
that there is no existing risk associated with ground water
at the site. Under current land use and engineering
controls in place, exposure to ground water is limited.
Absent such controls, however, and under potential future
land use scenarios, there is risk associated with exposure
to the contaminated ground water, as demonstrated in the
Baseline Risk Assessment. The carcinogenic risks posed to
the future resident were quantified at 2E-03 and 10 for
noncarcinogenic risks. (See RI Report Appendix R Table ES-5
and Table ES~-8 for more details). There is no guarantee
that Ormet Corporation will be operating for many years into
the future and, therefore, there is no guarantee that the
Ranney well and existing interceptor wells will be continued

~ for a certain number of years. Conclusively, active

remedial response is an appropriate alternative to consider
for remediation of the contaminated ground water. See the
discussion on the appropriate utilization of institutional
controls in the Appendix F modifications cited below.



2.

OAC 3745-54-18

Alternatives which include component CMSD-4, CMSD-5, CMSD-7,
or CMSD-8 include the use of rip rap or concrete revetments
to protect against washout of hazardous waste from a one-
hundred-year floodplain, as required by OAC 3745-54-18B. As
currently presented, however, these engineering controls do
not meet this potential ARAR. Specifically, the use of
freeboard, which may be necessary because of wave action in
the Ohio River was not considered. Additionally, the
alternatives presented rely upon what may be an existing
levee, but this levee has not yet been characterized to
confirm its existence or that it would protect the CMSD from
a 100-year flood event, Finally, alternatives which create
CMSD seep collection trenches and sumps also must be
designed so as to be protected from a 100-year flcod event.
These considerations, including concerns/issues resulting
from the anticipated consultation with the State of Ohio,
will be taken into account during design of the remedy in
order to assure compliance with OAC 3745-54-18. This also
modifies similar language in the following sections of this
document:

* Section 4.3.5.4, Page 4-90, Paragraph 1 & 2
* Section 4.3.5.4, Page 4~92, Paragraph 1

* Section 4.3.5.5, Page 4~92, Paragraph 1

* Section 5.5.5, Page 5-34

* Section 6.3.1.2, Page 6~14, Paragraph 1

* Section 6.5.1.2, Page 6~89, Paragraph 1

* Section 7.1.2, Page 7-20, Paragraph 1

* Section 7.2, Page 7-21, Paragraph 1

VEGETATIVE SOIL COVERS

In regards to Ormet's discussions on the utilization of
vegetative soil covers for the FSPSA, the FDPs and CMSD
source areas, U.S. EPA has modified the text to state that
routine maintenance of the vegetative soil covers proposed
for the FSPSA, FDPs, and the CMSD source areas would be
implemented to prevent exposure to environmental receptors
(i.e. mammals and phytotoxicity) from the penetration of the
cover by burrowing animals and trees. Accordingly, the
Operation and Maintenance (O&M) costs associated with the
added dimension of this particular remedial measure will
remain categorized in the low to moderate cost range as
state in the text. Therefore, the text does not require any
modifications regarding O&M costs. Additionally, the text
is modified to state that vegetative soil covers will not
comply with the closure standards in OAC 3745-27-11(G) for
closing areas containing solid waste. This discussion also

6



modifies similar language in Section Page 4-37,

4.3.3.2,
"CONCLUSION", last sentence, Section 4.3.4.2, Page 4-64 and
Section 4.3.5.3, Page 4-88.

The distinctions between the two single barrier caps are
cited below:

Two types of single barrier caps are under consideration for
use in alternatives requiring containment of contaminant
source areas (i.e. FSPSA, FDPs, & CMSD). The differences
between the two single barrier caps considered

is that one utilizes a recompacted clay layer for the
barrier and the other uses a synthetic Flexible Membrane
Liner (FML) for the barrier. A cap which incorporates a
properly constructed clay barrier is structurally more
durable than an FML and therefore, is more reliable in the
long term. Overall, a clay cap is not as susceptible to
tears, cuts, perforations or seam failures as are synthetic
FMLs.

On Pages 6-55, 6-128, 6-164, 6-210, 6-256, and 6-296, the
text provides that the synthetic FML cap will meet OAC:3745-
27-11(G) (1), which pertains to closure of solid waste
landfills. This is also true for the single barrier clay
cap, as indicated on Page 6-345. While the intent to meet
this ARAR is clear, the conceptual drawings of the single
barrier caps do not demonstrate that this ARAR is met.
However, should a remedy which incorporates such be
selected, then during remedial design, the conceptual
drawings will be refined to ensure that the construction of
the cap meets the requirements stated in the ARAR. For
purposes of determining whether or not the FML and single
barrier clay caps meet the Ohio ARAR, as currently presented
in the conceptual drawings in Section 5, they do not. A cap
will, however, be designed to meet this ARAR if it is part
of the selected remedy.

To combine the advantages of both the clay cap and the FML,
a dual barrier cap could be employed. This cap would
utilize a recompacted clay layer and an FML. Dual barrier
caps are inherently more reliable due to structural
redundancy and are typically used to contain hazardous
waste., This discussion also modifies similar language found
in Table 7-4, Page 7-37, "LONG-TERM RELIABILITY", Sentence
#6 and Section 7.4.3, Page 7-47, Paragraph 1, Sentence #8.



APP IX K

Despite the conservative assumptions (i.e. the hypothetical
placement of only two wells to intercept the plume, the
estimates for maximum drawdown and/or the total pumping rate
in Hypothetical wells #1 and #2, the assumptions that the
13% decrease in total cyanide removal will remain continuous
over time and that the leveling off of total cyanide
concentrations will occur at a value below 0.1 mg/l,etc...)
made by Ormet Corporation in its calculations of aquifer
restoration periods, this appendix demonstrates that
extraction wells placed closer to the Former Spent Potliner
Storage Area (FSPSA) socurce area would remove cyanide at
higher concentrations under GW-5 than under GW-3,.
Accordingly, Appendix K is modified to state the following:

(1). The remediation of the FSPSA through treatment and/or
containment will further decrease the amount of time
necessary to restore the Ohio River Valley aquifer to
its beneficial use through the implementation of
either alternatives GW-3 or GW-5,

(2). It is likely that some combination of alternatives GW-
3 and GW-5, in conjunction with treatment and/or
containment of the FSPSA would provide an efficient
means of ground water restoration. However, if
alternatives GW-3, GW-5, or a combination of such
become a component of the Record of Decision (ROD),
selection of the exact number of wells and the optimal
locations of these wells will be refined in the
Remedial Design Phase of this project.

(3). It should be noted that, if only GW-3 or Gw-5 is
implemented, achievement of Maximum Contamination
Levels (MCLs) will take approximately four (4)
decades, whereas it is anticipated that the
combination of alternatives GW-3 and GW-5 may achieve
MCLs in a lesaser amount of time.

(4). Well placement (i.e. at the center of the plume or at
plume boundary) for a ground water remedial action may
or may not affect Ormet's ability to attain the
substantive requirements of the existing NPDES permit.
Consequently, a treatability study to determine BAT
for the new surface water discharge may be necessary
to establish any modifications to the existing NPDES
permit. Although, Ormet Corporation states in this



document that this may cause delays for up to three
years, U.S. EPA believes the implementation of a
treatability study can be completed within a shorter
period of time. This paragraph also modifies similar
language in the following sections of this document:

* Section 3.2.1.3, Page 3-7, Paragraph 3,
Sentences #4, #5 & #6

* Section 6.10.1.1, Page 291, Paragraph 1,
Sentence #1

* Section 7.3.1, Page 7-31, Paragraph 4, Sentence
#4

* Sections 7.6.4 and 7.6.5 and Table 7-6, Pages
7-65 and 7-66

APPENDIX ¥

Appendix F is modified as follows:

A. INSTITUTIONAL CONTROLS

Section 3.2 of Appendix F is modified to reflect consistency
with CERCLA and the NCP with respect to the use of
institutional controls at Superfund sites. "Remedial
actions in which treatment which permanently and
significantly reduces the volume, toxicity or mobility of
the hazardous substances, pollutants, and contaminants as a
principal element, are to be preferred over remedial actions
not involving such treatment." [Section 121 (a) of CERCLA,
42 U.S.C. § 9621(a)]. Additionally, the preamble toc the NCP
provides that "institutional controls should not substitute
for active response measures as the sole remedy unless such
active measures are determined to be not practicable [based
upon an evaluation of the 9 criteria}"™. (55 Fed. Reg. 8702
(March 8, 1990). Because the effectiveness of institutional
controls is uncertain and because CERCLA and the NCP reflect
a preference for treatment, the calculation of health-based
goals for ground water, sediments and soils is warranted.

Furthermore, alternatives which employ containment and
treatment technologies presented in this report are suitable
to this site. Therefore, institutional controls will be
considered only to supplement engineering controls and
active remedial responses with respect to the contaminated



soils on site, ground water underlying the site, and
sediments in the Outfall 004 backwater area. This also
modifies similar language in the following sections of this
document:

Section 2.11.2.1, Page 2-81, Paragraph 1

Section 6.3.4.3, Page 6-29, Paragraph 1, Sentence #1
Section 6.10.4.4, Page 6-316, Paragraph 1, Sentence #6
Section 6.11.4.4

B. PCB-CONTAMINATED SEDIMENTS

The discussion of PCB-contaminated sediments relating to
ARARs/To-be-Considered (TBCs) presented in Appendix F is
clarified below:

% % ® 8

TSCA and 40 CFR Part 761.60 are potentially action-specific
ARARs because they reqgulate the storage and disposal of PCB-
contaminated material. The PCB Spill Policy (40 CFR §§
761.120 - 761.139) is TBC for determining the level of
cleanup of PCB-contaminated materials (soils -- lppm
residential, 10-25 ppm industrial; sediments -- SQC).
Additionally, the "Guidance on Remedial Actions for
Superfund Sites with PCB Contamination", OSWER Directive #
9355.4~01 (August 1990), is TBC for determining

levels for pPCB-contaminated sediments. It provides that PCB
concentrations of 100 ppm in residential areas, and 500 ppm
in industrial areas represent principal threats that should
be treated, while lower concentrations should be managed and
contained. These TBCs are not required cleanup levels, but
they may be "very useful in helping to determine what is
protective at a site, or how to carry out certain actions or
requirements”. See preamble to the NCP at 55 Fed. Reg. 8745
(March 8, 1990).

C. REMEDIAL ACTION GOMLG/LEVELS

The Agencies in the Record of Decision (ROD) will select a
remedy for the Ormet Corporation Site. The Agencies will
utilize the information obtained during the RI/FS to select
a remedial alternative that satisfies the "threshold
criteria" of the NCP: protection of human health and the
environment, and compliance with chemical-specific, action-
specific {(e.g., technology or performance-based standards)
and location-specific applicable and/or relaevant and
appropriate regulations (ARARs). However, this decision
cannot be made until the Agencies have evaluated the
appropriate remedial action goals/levels which must be met
by the selected remedy. Ormet Corporation has utilized one
approach to develop what it believes are the appropriate
remedial action goals for this site. Ormet's approach fails
to incorporate risk-based clean-up goals as the Remedial

-
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Action Goals (RAGs) for the site. Rather, Ormet relies on
institutional controls to support its position that risk-
based goals are not warranted, except for soils in an
industrial use scenarioc. As discussed in General
Modification #6A, Ormet's reliance upon institutional
controls as a sole remedy for ground water and sediments is
inconsistent with NCP. U.S. EPA is appending an alternate
approach that may be considered by the Agencies when
selecting remediation levels in the ROD (See Attachment #1
for more details). Risk-based RAGs are warranted for this
site. Therefore, this discussion modifies Section 3.2 and
Section 5.0 of Appendix F.

Additionally, it should be noted that the preliminary goals
proposed by Ormet Corporation in this appendix did not
include and/or consider the following items:

* Additivity among chemicals within an exposure
pathway for the soil, groundwater and sediment;

* Subchronic exposures to future residential
children in groundwater:

* Dermal Route of exposure to PCB contaminated
sediments, because this was not a requirement of
the method utilized by Ormet Corporation;

* Ormet Corporation did not utilize the same
ingestion rate of sediments as did U.S. EPA
in the Baseline Risk Assessment (BRA)}. Ormet
used a much higher/more conservative ingestion
rate which would yield a higher RAG than that
calculated by the U.S. EPA;

* Ormet Corporation has a mathematical error in
the PAH remedial action goal calculations for
sediments. U.S. EPA could not reproduce
Ormet Corporations's calculations.

There are several different sources used to develop remedial
goals and clean up standards, (e.g. health-based goals,
ARARs, analytical method detection limits, background
levels, etc....). The selected goals and standards will
be documented in the ROD. Table F-13 and Attachment #1 of
this Addendum indicate the clean up standards that will be
considered by the Agencies when selecting the final site
remedy.

11



ASURES. =6 AND SED-8

The effectiveness of the installation of sheet piling and
concrete revetments, over contaminated sediments left in
place in the backwater area, to either eliminate, contain or
reduce exposure pathways for ecological receptors is
uncertain, however, the direct contact exposure pathways to
humans may be effectively blocked. More specifically, all
effectiveness discussions of Remedial Measures SED-6 and
SED-8, are modified to the preceding sentence because (1).
the hydraulic isolation for these contaminated sediments may
not be achieved, (2). the permanence of this technology has
not be proven and (3). the potential leachability of
aqueous phase contaminants exists. The following sections
of this document are also modified to the first sentence of
this paragraph: -

* Section 4.3.7.6, Page 4-126, "EFFECTIVENESS"
discussion, 1st, 4th & 6th Sentences

% Section 4.3.7.6, Page 4-128, "CONCLUSION", Sentence
#3 R

* Section 4.3.7.8, Page 4-134, "CONCLUSION", 1st
Sentence

% Section 6.3.2, Page 6-18, Paragraph 2, Sentences #1
& #2

*# Sections 6.4.2, 6.6.2, and 6.9.2

# Section 7.3.4, Page 7-33, Paragraph 1, Sentence #3

# Table 7-4, Pages 7-35 to 7-43, "REDUCTION OF ASSUMED
EXISTING RISKS" discussions for Alternatives 2
through 10

* Section 7.4.3, Page 7-47, Paragraph 1, Sentence #11

12



II.

1.

S8PECIFIC MODIFICATIONS

ct «0 A b4 D _SCREEN M

Section 4.3.1.3, Page 4-14, Paragraph 1, Sentence #3 is
modified, because this "EFFECTIVENESS" discussion fails to
clearly indicate that the contaminant plume size will not
be reduced under remedial measure GW-3. Therefore, the
aforementioned sentence has been modified to read:

"This measure would continue to contain the mobility
and migration of the plume and its constituents
although plume size would not be reduced. This measure
will only contain the plume on-site. However, this
measure will continue to allow the plume to extend 2700
feet away from the source, thus contaminating a large
portion of the aquifer.”

Section 4.3.3.2, Page 4-36, Paragraph 1, 2nd & 3rd
Sentences are modified, because this "EFFECTIVENESS"
discussion fails to specify exactly how the risk-based
criteria for all medias (i.e. soil, air, and ground water)
will be met during the implementation of remedial measure -
FSPSA-2. Therefore, the aforementiocned sentences have been
modified to read:

"This remedial measure would not significantly reduce the
toxicity, mobility, or volume of constituents within the
Former Spent Potliner Storage Area (FSPSA) or reduce
infiltration of contaminants into the groundwater medium,
However, this remedial measure would meet the soil risk-
based criteria by blocking direct contact and air transport
pathways."

NOTE: The aforementioned language alsc revises the
pertinent "EFFECTIVENESS" discussions for remedial
measures FDP-2 and CMSD-3 (i.e. Section 4.3.4.2, Page
4=-64 and Bection 4.3.5.3, Page 4-88, respectively).

Section 4.3.7.7, Page 4-129, Paragraph 2, is modified
to include the following statement between the 4th and 5th
sentences:

"since the current location of the 004 Outfall may
interfere with remedial actions in the backwater areas and
the CRDA, the 004 Outfall may need to be relocated outside
of the CRDA and backwater areas."

13



2.

SECTION S.0 DEVELOPMENT OF SITEWIDE ALTERNATIVES

Section 5.10.1, Page 5-60, Paragraph 1, Sentence #1 is
modified, because the text fails to identify the purpose of
installing the hypothetical interceptor wells closer to the
FSPSA contaminant source area. Therefore, the
aforementioned sentence has been modified to read:

"New interceptor wells would be installed closer to the
source of the plume to remove contaminant mass from ground
water prior to the plume reaching the Ormet Ranney Well and
limit the migration of contaminants from the FSPSA
contaminated source area."

Section 6.3.5.4, Page 6-34, Paragraph 1, is
modified to add the following sentence at the end of the
paragraph:

"However, this sludge will be handled and disposed of as
hazardous waste bhecause it will still contain cyanide, the
hazardous constituent for which the K008 wastes are -
"listed" wastes. Therefore, OAC 3745-51-03, is a
potential ARAR."

Section 6.10.5, Page 6-317, Paragraph 1 is modified to add
the following language after Sentence #1:

"The new interceptor wells would reduce the toxicity of
contaminant concentrations and would reduce the mobility of
the plume by limiting migration of the contaminants out of
the FSPSA source area. However, the volume of the plume
would not be reduced."

Please note that this language also modifies similar
language found in Section 6.11.5, Page 6-359.

BECTION 7.0 COMPARATIVE ANALYSIS OF ALTERNATIVES

Table 7-1 has been modified to include two Tables 7-1 and 7-
la. Table 7-1 provides a comparison of each remedial
alternative component with the components of the other
alternatives. Each alternative component was ranked from
Poor to Excellent based on its technical merit for each
determining criterion. The Agencies helieve this approach
provides a comparison of the overall protection, short- and
long-term protectiveness, and other important criteria of
each remedial alternative. See Attachment #2 for more
details. Table 7-la numerically ranks each remedial
alternative. Each remedial alternative was given a score of
1 through 10 (with 10 being the worst ranking) based on its
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technical merit as dictated by the nine criteria set forth
in the NCP except for cost-effectiveness and state~ and
community-acceptance. Please note that the compliance with
ARARs and the protectiveness criteria are considered yes/no
criterias and they have been identified as such in Table 7-
la accordingly. Furthermore, it should be understood that
for Alternatives 2 through 10 there compliance with ARARs
are contingent upon the modifications provided in this
addendum. See Attachment #2 for more details. For example,
Remedial Alternative 1 (No Action) is not protective of
human health and the environment, it does not comply with
ARARs, etc. Therefore, it ranked 10 in each categor